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HOW OLIN ALUMINUM 
HELPS YOU BREAK INTO 
NEW CASTING MARKETS 


25-LB. INGOT EXCLUSIVE 


MORE EFFICIENT FORMS. g pig and ingot come in standard alloys, in 10, 25 and 50 Ib. sizes. The 10 and 25 pounders feature smaller 
size to increase handling efficiency and speed melting, deep notches for easier breaking, 4-section design for faster crucible charging. 


ae 


KNOWN CHEMICAL PROPERTIES. Every melt of Olin Aluminum undergoes 
exacting metallurgical and foundry controls. For example, using quanto- 
metric analysis, skilled metallurgists analyze samples of Olin Aluminum 
for all critical elements . . . and record the results electronically. 


You create a new market every time you persuade a prospect 

that aluminum castings will improve his end product. 
Olin Aluminum can help you prove that point in the first 

place...and can help you keep your customer “sold” 

thereafter. That’s because we provide you with: 

e Primary metal—made to the most critical “specs’ 
for your most demanding jobs. 


> 


LIN 


LUMINUM 
® 


by 


PREDICTABLE MECHANICAL PROPERTIES. Batteries of testing 
devices like this tensile machine are used to check testing 
bars of Olin Aluminum for tensile, shear, compressive and 
twisting strength. 


¢ Prompt, thoroughly qualified technical assistance. 
© Ready access to Research and Development. 


Join those firms that are expanding their operations by 
finding new and better applications for aluminum castings. 
Make Olin Aluminum your source of superior casting alloys 
—and of metallurgical know-how. 


See us at the Philadelphia Castings Congress 
Booths 1022-24 May 9-13 


Member of American Foundrymen’s Society 


KA OLIN MATHIESON + METALS DIVISION » 400 PARK AVENUE + NEW YORK 22. N.Y. 
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Lectromelt... 
for high 
availability 


A Lectromelt furnace is 
regularly in production 
96% of the time. Charg- 
ing goes fast, because of 
the smooth-swinging, full- 
clearance top. Tilting is 
similarly rapid and safe. 
Sturdy construction reduces 
maintenance and down- 
time, contributing to high 


availability. For full infor- 
mation, write forCatalog 10. 


MCGRAW ¢ 
SU 


LECTROMELT FURNACE DIVISION 
McGraw - Edison Company 

316 32nd Street 

Pittsburgh 30, Pennsylvania 





WHEN You mect... heCtromelt 


i etl itiaelii-te| 
Cupola 
Charge 


d 


THE OPEN DOOR TO 
GREATER FOUNDRY PROFITS CCC* 


By using— _Interlake’s famous Meltrite pig iron + steel + your own 
returns, you are Sure of a known analysis in the charge. 
The results: (1) Shippable castings at lower cost 
(2) Greater customer satisfaction 
Remember—Meltrite is always in dependable supply. 


*Controlled Cupola Charge. Wherever you are a PM & Company 
taliurgist is ready to discuss this with you 


p ae PICKANDS MATHER & CO. Cleveland 14, Ohio 


Pittst 


IRON ORE + PIG IRON « COAL « COKE « FERROALLOYS + LAKE FUELING « LAKE SHIPPING 
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the technical magazine 
ef the metalicasting industry 


April, 1960 vol. 37, no. 4 


features 


TO MAKE A TON OF CASTINGS by Jack H. Schaum 
Here’s a question that has gone unanswered a long time. Now 
we have the answer. 


THE FOUNDRYMEN’S FOUNDRY by Walter R. Colsmann 
If your foundry needs cast-to-size patterns, core boxes, molds 
or dies, then look to a specialist for help. 


HERE’S HOW .. . Castings are being used . . . problems are being solved 


MODERNIZATION . . . MECHANIZATION . . . MAINTENANCE by Vernon E. Lich 
Modernized mechanical materials handling plus preventive 
maintenance are rapidly becoming the lifeline of every foundry. 


GREEN SAND PRINCIPLES FOR CONTROLLING QUALITY by R. H. Heine, E. H. King and 
J. S. Schumacher 
This is the first of four installments of the official 1959 Aus- 
tralian exchange paper from AFS. 


AFS CASTINGS CONGRESS 
Preview of metalcasting technology scheduled for the 1960 
AFS Congress. 


AFS EXPOSITION 
Exhibitors’ products are now being previewed in MODERN 
CASTINGS. 


SOLIDIFICATION OF METALS, general principles by G. W. Form and J. F. Wallace 
A compendium of technology to brief foundrymen on the 
fundamentals of metal solidification. 


SOLIDIFICATION OF CAST STEEL by C. W. Briggs 
These solidification principles are an essential foundation for 
proper gating and risering of steel castings. 


SOLIDIFICATION OF CAST IRON by C. K. Donoho 
Important differences exist in the solidification mannerisms of 
white iron, gray iron and ductile iron. 


CASTING LOSS REDUCTION PROGRAM by H. W. Dietert 
Twelve sources of casting losses attributable to sand are iden- 
tified, causes listed and corrective action spelled out. 
m news of the industry 
ALUMINUM CASTING ALLOYS PROPERTIES IMPROVEMENT BY GRAIN REFINING ‘ — 
Foundry Business Statistics 22 


by K. Schneider P 
New grain refining techniques currently used in Germany are Foundry Trade News .... 139 


well worth close study. Obituaries 
HOW DO YOU KNOW IT IS DUCTILE? by G. F. Thomas Personalities 
The step-by-step procedures for consistently producing ductile 
iron are carefully detailed for the operating foundryman. materials and equipment 


FLUIDITY OF 85-5-5-5 AND COMPOSITION M METAL by R. A. Rosenberg, H. D. Brody Advertisers in this Issue.. 164 


and F. C. Monkman, Jr. : ; ? For the Aski 
Metal fluidity can be markedly increased by coating molds with of ee Ae 
hexachloroethane, SnClo or lamp black. New Products and 


PATTERN AND CORE BOX EQUIPMENT FOR BLOWING FOUNDRY SANDS, venting and P pag 
design by Z. Madacey Special Product Reports 8, 163 


Use these tips in core-box design and venting to achieve maxi- 
mum strength cores. departments 


CANADIAN NON-FERROUS AND IRON FOUNDRY SAND PRACTICE SURVEY, REPORT OF AFS Activities 
AFS SAND DIV. CANADIAN COMMITTEE 8-Y by A. E. Murton Calendar of AFS 
This intensive study of sand practices in Canadian foundries Chapter Meetings 
shows a trend from natural to synthetic sand systems. . 
Calendar of National 


featurettes Classified Advertising . 160-161 
ABSTRACTS OF PAPERS PRESENTED AT INTERNATIONAL FOUNDRY CONGRESS Dietrich’s Corner 
by H. F. Dietrich 
CHANGING FLAKE GRAPHITE TO NODULAR FORM IN SOLID STATE oy 
Editor’s Report 


EDUCATE ENGINEERS THAT CASTINGS CAN SOLVE DESIGN PROBLEMS _. Letters from Readers .... 
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ovens. 
E “Route directly 
“to molding floor 


Foundry 
Philadelphia 





EMERGENCY 
ORDER 


60 minutes 
from 
muller 
to 
mold 


WATCH FOR 
COLOR CHANGE 


From brown 
to green to black 
as it cures 











lf cures by 
chemical reaction 


Miidiand 


FEDERAL FOUNDRY 
SUPPLY DIVISION 


219! West 110 Street Cleveland 2, Ohio 


Write 


A-D-M 


for Technical Bulletin 


CHEM: REZ 
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Louthan 
gate tiles 
cut foundry costs 


You minimize casting problems, 
get cleaner castings when you 
use Louthan refractory gate tiles 
(elbows and tees to match). They 
prevent erosion of the gates in 
steel castings, safely withstand 
high temperatures, will not react 
with the molten metal. All popu- 
lar diameters and lengths can 
be furnished. 


Write for Free Gating 
and Risering Refrac- 
tory Folder. Complete 
file of specifications on 
all Louthen products. 


LOUTHAN 


EAST LIVERPOOL, OHIO 


A UNIT OF UD CORPORATION 
Reyratloriee Divisiow 
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future meetings 
and exhibits 


April 4-6 . . American Institute of Min- 
ing, Metallurgical & Petroleum Engi- 
neers, National Open Hearth Steel Con- 
ference and Blast Furnace, Coke Oven 
and Raw Materials Conference. Palmer 
House, Chicago. 


April 4, Chicago . . April 7, Milwaukee 
. . April 12, Newark, N. J. . . April 14, 
Toronto, Canada . . April 18, Cleveland 
. . April 21, Cincinnati . . Gray Iron 
Founders’ Society, Castings Clinics. 


April 7-8 . . American Zinc Institute, 
Annual Meeting. Chase-Park Plaza Ho- 
tel, St. Louis. 


April 13-14 . . Malleable Founders So- 
ciety, Market Development Conference. 
Edgewater Beach Hotel, Chicago. 


April 21-28 . . American Society of Tool 
& Manufacturing Engineers, Annual 
Meeting & Tool Show. Artillery Armory 
and Sheraton-Cadillac Hotel, Detroit. 


April 24-28 . . American Ceramic So- 
ciety, Annual Meeting. Bellevue-Strat- 
ford Hotel, Philadelphia. 


April 25-26 . . American Society of Me- 
chanical Engineers, Maintenance & Plant 
Engineering Conference. Chase-Park 
Plaza, St. Louis. 


April 25-29 . . American Welding Soci- 
ety, Annual Convention. Biltmore Hotel, 
Los Angeles. 


April 26-29 . . National Industrial Sand 
Association, Annual Meeting. Key Bis- 
cayne, Fla. 


April 27 . . American Industrial Hy- 
giene Association, Industrial Health Con- 
ference. War Memorial Bldg., Rochester, 
N. Y. 


April 29 . . Malleable Founders Soci- 
ety, Western Section Meeting. Drake 
Hotel, Chicago. 


May 3-5 .. Iron and Steel Institute, 
Annual Meeting. London, England. 


May 9-13 . . AFS 64th Annual Castings 
Congress & Exposition. Convention Hall, 
Philadelphia. 


May 9 . . Investment Casting Institute, 
Design Clinic. Essex House, Newark, 
N. J. 


May 12. . National Castings Council, 
Annual Meeting. Warwick Hotel, Phila- 
delphia. 


May 22-26 Air Pollution Control 
Association, Annual Meeting. Netherland- 
Hilton Hotel, Cincinnati. 


May 23-31 . . Magnesium Association, 
Annual Meeting. London and Manches- 
ter, England and Hannover, Germany. 


May 25-26 . . American Iron and Steel 
Institute, General Meeting. Waldorf- 
Astoria Hotel, New York. 


June 6-8 . . Malleable Founders Society, 
Annual Meeting. Elbow Beach Surf 
Club, Hamilton, Bermuda. 


June 16-17 . . AFS Chapter Officers 
Conference. AFS Headquarters, Des 
Plaines, Il]. and LaSalle Hotel, Chicago. 


June 19-21 . . Alloy Casting Institute, 
Annual Meeting. The Homestead, Hot 
Springs, Va. 


June 26-July 1 . . American Society for 
Testing Materials, Annual Meeting & 
Exhibit. Chalfonte-Haddon Hall, Atlan- 
tic City, N. J. 


Sept. 14-15 . . American Die Casting 
Institute, Annual Meeting. Edgewater 
Beach Hotel, Chicago. 


Sept. 19-24 . . International Foundry 
Congress. Zurich, Switzerland. 


Sept. 22-23 . . National Foundry Associa- 
tion, Annual Meeting. Edgewater Beach 
Hotel, Chicago. 


Sept. 27 . . American Management As- 
sociation, Annual Meeting. Hotel Astor, 
New York. 


Sept. 27-30 . . Association of Iron and 
Steel Engineers, Annual Convention & 
Exposition. Public Auditorium, Cleveland. 


Oct. 12 . . Cast Bronze Bearing Insti- 
tute, Annual Meeting. Grove Park Inn, 
Asheville, N. C. 


Oct. 12-14 . . Gray Iron Founders’ So- 
ciety, Annual Meeting. Netherland-Hil- 
ton Hotel, Cincinnati. 


Oct. 13-15 . . Non-Ferrous Founders’ 
Society, Annual Meeting. Grove Park Inn, 
Asheville, N.C. 


Oct. 17-18 . . Magnesium Association, 
Annual Convention. Pick Carter Hotel, 
Cleveland. 


Continued on page 8 





Mopern Castincs is indexed by Engineering 
Index, Inc., 29 West 39th St., New York 18, 
N. Y. and microfilmed by University Microfilms, 
. First St., Ann Arbor, Mich. 

The American Foundrymen’s Society is not re- 
sponsible for statements or opinions advanced 
by authors of papers or articles printed in its 
publication. 

Published monthly by the American Foundry- 


May and June issues $1.00. 
Entered as second-class mail 
at Pontiac, Ill. Additional 
entry at Des Plaines, IU. 





A Timely Message for Foundry Managements 


Knight Engineering has assisted in the 

modernization, mechanization and automation of hundreds 
of foundries, here and abroad. These programs 

have increased production per man hour, established 
equitable rate structures and eliminated overtime. 
Specific programs are based on the individual require- 
ments of the foundry and include the degree of 
modernization, mechanization and automation that is 
economically justified. Many projects permit direct labor 
and material cost reductions to amortize the 

investment in 2 or 3 years. Knight Professional 

Foundry Engineering is readily available 

to assist in planning your modernization program. 


KNIGHT SERVICES INCLUDE: 
Foundry Engineering e Architectural Engineering ¢« Construction Management ¢ Moderniza- 
tion « Mechanization « Automation « Survey of Facilities « Materials Handling « Methods. 
industrial Engineering « Wage Incentives ¢ CostControl ¢ Standard Costs « Flexible Budgeting 
Production Control « Organization « Marketing 


lester B. Knight & Associates, Inc. 


Management, Industrial and Plant Engineers 
Member of the Association of Consulting Management Engineers, Inc. 
549 W. Randolph St., Chicago 6, III. 
New York Office—Lester B. Knight & Associates, Inc., Management Consultants, 500 Fifth Ave., New York 36 
Knight Engineering Establishment (Vaduz), Zurich Branch, Dreikénigstrasse 21, Zurich, Switzerland 
Lester B. Knight & Associates, G.M.B.H., Berliner Allee 47, Diisseidorf, Germany 
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conveys bulk materials at High | rates 


eS eh aot Soa 4 


SYVTRON utes 





VIBRATING CONVEYORS 


—multi-purpose units designed for high speed conveying 
of bulk sand, ores, castings and other bulk materials in 
densities ranging from 5 to 400 pounds per cubic foot and 
in sizes from powder to large chunks. 


They can be fitted with screen sections to provide both 
conveying and screening. 


Low initial cost—low power requirements—simple con- 
struction assures maximum performance with low mainte- 
nance. 


SYNTRON Vibrating Conveyors are available in lengths 
and widths to meet most requirements. 


Write for free informative Catalog today 


SYNTRON COMPANY 


545 Lexington Ave. Homer City, Penna. 


Other SYNTRON Equipment of proven dependable Quality 








BIN VIBRATORS VIBRATORY FEEDERS VIBRATING SCREENS 
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future meetings 


Continued from page 6 


Oct. 17-21 . . American Society for 
Metals, Annual Meeting and Metal Ex- 
position & Congress. Trade & Conven- 
tion Center, Philadelphia. 


Oct. 17-21 . . National Safety Council, 
National Safety Congress. Chicago. 


Oct. 19-21 . . National Management As- 
sociation, Annual Meeting. Dinkler Ho- 
tel, Atlanta, Ga. 


Oct. 20-22 . . Foundry Equipment Manu- 
facturers Association, Annual Meeti 
The Greenbrier, White Sulphur Sprint 
W. Va. 


Nov. 27-Dec. 2 . . American Society of 
Mechanical Engineers, Annual Meeting. 
Statler Hotel, New York. 


Nov. 14-16 . . Steel Founders’ Society 


of America, Technical & Operating Con- 
ference. Carter Hotel, Cleveland. 


Dec. 6-8 . . National Association of Man- 
ufacturers, Annual Meeting. Waldorf-As- 
toria Hotel, New York. 


Dec. 12-14 . . Material Handling Insti- 
tute, Annual Meeting. Savoy-Hilton Ho- 
tel, New York. 


1961 


March 13-14 . . Steel Founders’ Society 
of America, Annual Meeting. Drake Ho- 
tel, Chicago. 


AFS oe meetings for April appear on 
page | 


product report... 


Use of corrugated shipping con- 
tainers stapled to expendable wood- 
en pallets is saving handling time 
on gray and malleable castings at 
Dalton Foundries, Inc., Warsaw, 
Ind. 

Cartons are filled with loose cast- 
ings in the finishing, grinding and 
cleaning department, then taken to 
storage areas and placed on metal 
racks. After the order is completed, 
the cartons are speedily loaded on- 
to commercial carriers by fork-lift 
trucks. 

Formerly, castings were put in 
barrels or heavy wooden boxes and 
dumped into loose piles on the floor. 
In filling orders, castings were put 
in burlap bags or containers and 
wheeled to trucks by various hand 
methods. 

Two sizes of boxes, manufac- 
tured by Mead Containers, Div. 
Mead Corp., capable of carrying 
1000-3000 Ib of castings, are used 


by Dalton. 
For More Information, Circle No. 40, Page 17 
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FLORIDA STEEL CORP., TAMPA, SELECTS HYDRO-ARC ELECTRIC FURNACE FOR FLORIDA’S FIRST STEEL MILL! 


Hydro-Arc electric furnaces, from Whiting, give you full-time 
arc efficiency, faster heats, more wattage turned into melt, lower electrode consumption, 
virtually no electrode breakage. Arc adjustment is instantaneous. Mechanical lag? Almost 
totally eliminated by non-stop, non-reversing electrode motors plus vital air counter- 
balance. Here's Whiting’s new concept in low-cost electric melting—new, yet fully 
proven for your benefit in steel mill after steel mill. Look into Hydro-Arc now! 


Get Details in Hydro-Arc Catalog No. FY-168, or ask a Whiting furnace engineer to call. 
No obligation. Whiting Corporation, 15628 Lathrop Avenue, Harvey, Illinois. 


; 87 OF AMERICA’S “FIRST HUNDRED” CORPORATIONS ARE WHITING CUSTOMERS 
See Our Catalog in SWEET'S 


SS 
ELECTRIC 
FURNACES 


MANUFACTURERS OF CRANES; TRAMBEAM HANDLING SYSTEMS; PRESSUREGRIP; TRACKMOBILES. FOUNDRY, RAILROAD, AND SWENSON CHEMICAL EQUIPMENT 
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SAND DOESN'T 
OR MN VN od ad 


you gotta put something 
extra in the pot 


Ever watch a good cook in opera- 
tion — or do you prefer to be sur- 
prised? You haven’t lived until you 
squat up on the kitchen stool and 
watch an artist at work. Next time 
the can opener is broken, drag out a 
recipe book and have a ball. The 
first thing you'll find is that the 
meat and potatoes are just the be- 
ginning. More than half the in- 
gredients are the “extra” things 
which go in the pot to make the 
difference between eating and just 


modern castings 


10 - 


taking on a load of food. 

Now we don’t advocate mixing 
foundry sand in a stew pot, but 
we have found that the foundries 
who make the most salable castings 
put a lot of thought into that extra 
ingredient which makes the mix suit 
the work it was meant to do. Foun- 
dry sands can use their “salt and 
pepper,” too — if it’s done right. 
In sand, the extra is the additive 
and, as in cooking, it should be 
done right, or, instead of a master- 

Circle No. 153, Page 17 


piece, it’s a mess. Chocolate sauce 
may be good on ice cream or cake, 
but I can’t stand it on steak. There 
is a time and place for everything, 
as the woman said as she kissed 
her cow. 

The first additive, if you want to 
call it that, was introduced to revive 
worn-out natural sand — hence the 
name REVIVO. Since then, the pic- 
ture has become more complex — 
and better. (Wonder what it was 
like to get a good home-cooked meal 





before Marco Polo went east and 
brought back a load of spices. Sure 
must have been flat.) Back on the 
subject of sand — the benefits of 
more ingredients, such as Black 
Hills and Dixie, began to pile up. 
Lower moisture, better toughness, 
better finish, more control, closer 
tolerances, etc. With a full line of 
bond clay under its belt, ECP next 
introduced the Age of Additives. 

Further developments came fast. 
High-Pressure Molding, PLASTI- 
BOND, TRIPLACT and Z-FLO 
filled out the framework. Today 
these products are hard-working 
tools that help the foundryman pro- 
duce castings that measure up to 
the tighter, harder-to-meet specifi- 
cations he gets from his customers. 
When you get right down to it, East- 
ern Clay Products is helping the 
foundryman’s sales force as much 
as the men in the shop. 

But let’s get down to the addi- 
tives themselves. Why so many? 
Wouldn’t one additive improve over- 
all sand quality and justify its exist- 
ence? Sure, but let’s go back to the 
art of cooking for a minute. To 
brighten the flavor, our cook adds 
sugar for sweetness, vinegar for a 
sour “bite,” and Accent® to make 
the flavor sing. She depends heavily 
on additives to achieve the desired 


MAPLEX 


Pure hard maple flour that provides 
100% increase in hot strength at 
2000 F and highest amount of re- 
ducing or cleaning action gas. 


end result — and thank heaven she 
doesn’t use the same additive for 
everything! 

TRIPLACT, for instance, has a triple 
action. (1) It increases flowability, 


TRIPLACT 


Additive to core and molding sand; 
reduces scabbing, stops veins and 
fins in cores, improves finish, im- 
parts higher flowability. 


makes molds and cores harder, 
denser. (2) It provides a strong re- 
ducing atmosphere that helps stop 
burn-in and penetration. (3) It con- 
trols both expansion and collapsi- 
bility without causing lumpy shake- 
out or pitch balls. 


PLASTI-BOND, on the other hand, 
retains flowability, permits lower 
moisture content, and _ increases 
sand toughness and strength at the 
same time. Sound amazing? Well it 
is; PLASTI-BOND is an amazing 
additive. It was developed to meet 


PLASTI-BOND 


The only way to combine toughness, 
flowability, strength and low mois- 
ture in a fine sand. Developed for 
high-pressure molding, but has wide 
application. 


the demands of high-pressure mold- 
ing and to produce “‘precision”’ cast- 
ings in green sand. But PLASTI- 
BOND is not confined to high-pres- 
sure molding alone. The same prop- 
erties find applications in every 
casting operation requiring im- 


Products for Growth* 


*Trademark 


EASTERN CLAY PRODUCTS DEPT. 


proved finish, better weight control, 
extended versatility, fast, economi- 
cal cleaning and absence of casting 
defects. 


MAPLEX is a pure, unadulterated 
hard sugar maple wood flour. It 
works well with PLASTI-BOND — 
better than any other wood flour we 


Z-FLO 


Newest of the additives. Highly 
durable; reduces cuts and washes, 
deep pockets, broken molds. Of- 
fers high dry strength and tough- 
ness, with maximum flowability. 


know — in arriving at just the right 
balance of molding properties for a 
given job. A good muller man can 
take these two additives and “feel” 
his way — just like a good cook — 
and give you a sand as tough and 
gummy, or as smooth and soft, as 
you want it. To increase toughness, 
increase the PLASTI-BOND. If it’s 
too tough, add MAPLEX. Increase 
the MAPLEX to improve shakeout 
and flowability. 


Z-FLO, in addition to toughness, of- 
fers good dry strength. In fact, it is 
often substituted for pitch — but 
with improved flowability. It’s the 
latest addition to ECP’s full line of 
additives . . . qualifies as a member 
of the family because of its dura- 
ble, easy-to-mull properties. 

Add it all up. Additives can give 
foundry sand more versatile prop- 
erties than most people realize. 
There’s a right additive for what 
you do, And we have a wide enough 
range of products and know-how to 
make our recommendations both 
impartial and accurate. We can se- 
lect a product to fit your job, rather 
than look for a job to fit the product. 


INTERNATIONAL MINERALS & CHEMICAL CORPORATION 


Administrative Center, Old Orchard Road, Skokie, Illinois «+ ORchard 6-3000 17-60 
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your present Simpson Mixer for 
_ Increased foundry profits? 


How the Mix-Muller retirement plan 
benefits Mix-Muller users 


Do you own a Simpson mixer comparable to the one described in the tables 
below? If you do. . . you may be pretty satisfied with your lot. Here’s a 
dependable old machine still turning out production 10, 15, maybe even 

20 years after you ‘“‘wrote off” your investment. 


Now, good National customers are never wrong. But . . . on June 5, 1951, 
that machine started to owe you money—production dollars. On that day 
nine years ago, the Model F Series Simpson Mix-Muller was made available 
to offer you 67% greater batch capacity . . . 100% more production per 
hour . . . 30% more overall mulling efficiency. 


Whether you want increased production or greater sand preparation effi- 
ciency, these figures mean that every dollar you spend on a new Simpson 
Mix-Muller is an investment which you can expect returned to you through 
more profitable . . . up to 50% more profitable . . . sand preparing operations. 


What’s more—in 1960 National is prepared to make your transition to a 
modern F Series Mix-Muller as easy and as economical as possible. If your 
Simpson was built before 1951, you can trade it in—as you would your auto- 
mobile. Why not call your National agent or write for details on the new 
Mix-Muller retirement plan? 


NATIONAL ENGINEERING COMPANY 
630 Machinery Halil Bidg., Chicago 6, Illinois 
In Canada: 17 Queen St., East, Toronto 1 


PERFORMANCE 
RIE SA 8 OE ONE OOO SmI ok, «TI 


1930 Simpson Model F Mix-Muller 


IF YOUR SIMPSON 


MIXER IS OVER 
20 YEARS OLD A 
MODERN F SERIES 
MIX-MULLER 
CAN DELIVER: 
greater Batch 
Capacity 


more Hourly 
Production 


more Mulling 
Efficiency 


THE FOUNDRYMAN'S 
CHOICE BY TO 


Batch 
Capacity 
Output 
Per Hour 


(G.1. Mold.) 


Discharge 
Time 


Mulling 
Efficiency 


Equipment 
Cost 


(Per Ton/hr. 


of Sand 
Prepared) 





1200 Ibs. (max,) | 2000 Ibs. (min.) 


12 tons (max.) 24 tons (min.) 


40 seconds 20 seconds 





On basis of time required to de- 


velop sand characteristics com- 


patible with modern foundry prac- 


tice overall 2F efficiency is about... 


Based on present day prices, the 
2F Mix-Muller will turn out 100% 
more sand per hour at an equip- 
ment investment amounting to.. . 


MORE PRODUCTION 


67% more 


100% more 


50% less 


30% greater 


31% less 
cost per 
ton. /hr. 





Discharge 


CONSTRUCTION: 
a> ey ee b ae 


1930 Simpson 


Rocker arms. 3 
weights of mul- 
lers 700, 1000, 
1600 Ibs. Man- 
ual adjustment. 
Non-reversible. 


Hand fitted. No 
adjustment for 
wear. 


Sleeve. 


Open bevel, di- 


Mode! F Mix-Muller 


Spring loaded—auto- 
matically adjusts to 
provide more pressure 
as sand increases in 
strength. 

Reversible. 


Machined to close toler- 
ance and equipped for 
wear adjustment. 100% 
larger opening. 


Anti-friction throughout. 


V-belt, self-contained, 


SERVICE AND OPERATING: 


SA SERERSTSE 


Lubricate 


Overhaul 


PE CA MY "OE OT 


FB) ge 


1930 Simpson Model F Mix-Muller 


5 alemite 
fittings. 


Wrench and 
hammer, from 
inside crib. 


Roll up sleeves. 
Crawl in mixer. 


“One stop” centralized 
system for all interior 
components. 


Can be adjusted 
from top of cross head. 


Roll out mullers and/or 
turret assy. through re- 
movable crib section— 
without dismantling 


rect connected. | splash lubricated reducer, hoods, hoppers, etc. 


BETTER BUILT EASIER TO SERVICE 
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Chief Keokuk hits it ‘‘ right on the button’’ with Kemco Silvery 


} ... the superior form of silicon introduction! Declare yourself 


a member of the Kemco party and wear the Keokuk button. 
Back the Chief's platform of ‘‘ Quality plus Economy"’ . . . write 
for free campaign buttons for yourself and your friends.* 
And when you vote for Silicon . . . vote for KEMCO. 


SILVERY PIG IRON 





> 


SILICON METAL- OTHER FERROALLOYS 


Kemco Silvery melts uniformly for quality . . . holds silicon 
loss to a minimum for savings. Your choice of 60 Ib. or 30 Ib. 
pigs or 12% Ib. piglets in regular or alloy analysis for iron and 
steel production. Write for full information . . . get a copy of 
booklet, “For Lower Costs, Higher Quality Products.” Also 
check the performance of Kemco Silicon Metal in aluminum. 


Meokuk E iectro-Mletais Cc Oo. 


Division of Vanadium Corporation of America 
Keokuk, lowa + Wenatchee, Washington 
Sales Agent: Miller and Company 


332 S. Michigan Avenue, Chicago 4, Illinois 
3504 Carew Tower, Cincinnati 2, Ohio 
8230 Forsyth Bivd., St. Louis 24, Missouri 


*You can also get Chief Keokuk buttons at the AFS Foundry Show, May 9-13, Philadelphia. 
“Visit our interesting display! 
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Managing Director of 
Modern Castings 
Announced 


@ Harold E. Green has been named 
managing director of Mopern Cast- 
inGs. Formerly vice-president and 
executive editor of Printers’ Ink, week- 
ly advertising magazine, Green came 
to his new post on March 1 from 
Standard Rate & Data Service, Inc. 
There he was executive editor of 
Media/scope, monthly advertising 
magazine. 

Well known in business paper, ad- 
vertising and educational fields, he 


also has a background in association 
work, public relations and newspaper 
reporting. 

Green is a past-president of the Na- 
tional Conference of Business Paper 
Editors, the Chicago Business Publi- 
cations Association and the Industrial 
Editors Association of Chicago. Often 
a speaker before advertising clubs, he 
has lectured frequently on advertising 
and journalism at various colleges and 
universities. He is a graduate of the 
Medill School of Journalism, North- 
western University. 


Eimco Announces 
“Determinant Tempering” 


“Determinant Tempering” a pat- 
ented thermal process for improving 
alloy steel and other castings, has 
been developed by The Eimco Corp., 
Salt Lake City. Castings cool in the 
mold to just below red heat, when 
they are shaken out. Castings are then 
immediately transferred in the rough 
to a car or batch type heat treat fur- 
nace already operating at the “S” 
curve to complete pearlite transforma- 
tion. Air-cooling to room temperature 
follows. 





pecially. sisied for a se ei 
Fup ta-59 per. eon 


hav@.peem adding olic’, 
= trtque’ 
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Build an idea file for improvement and profit. 
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ELECTRIC FURNACE ACCESSORY 
GROUPS .. . lets one model electric 
furnace perform several operations, in- 
cluding salt bath, oil bath, melting, 
vertical muffle or crucible furnace. Util- 


ity of furnace stems from flexible de- 
sign concept. A basic furnace unit is 
used for all operations; conversions can 
be made even when the furnace is hot. 
Thermo Electric Mfg. Co. 

For More Information, Circle No. 1, Page 17 


MOBILE FLOOR CRANE ... . speeds 
production and cuts down on manpower. 
Designed for handling loads that are 
easier to transport with a hook, the 
unit eliminates problem of straddling 
a load before contact is made for lifting. 


Capable of moving in four directions, 
the crane’s power boom lifts and posi- 
tions loads up to 5000 Ib. Power-actuat- 
ed boom can be lowered to 1-1/2 ft. 
and raised to 9 ft. Colson Corp. 

For More information, Circle No. 2, Page 17 


PORCELAIN ENAMEL FINISHING 
SYSTEM .. . for magnesium is said 
to be virtually fool-proof method of 
“painting out” the possibility of corro- 
sion in magnesium alloys. Key to sys- 
tem is a surface pretreatment which 
makes possible use on magnesium of 
standard lead-oxide or lithium-phosphate 
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Circle numbers on literature request card (opposite page) 
for more information about these... 


porcelain enamels already in use on 
other metals. System cannot be used 
with magnesium alloys of high alumi- 
num content and of high total alloy 
content because these alloys contain low 
melting point eutectic. Can be used 
with magnesium alloys of lower alumi- 
num content, magnesium-thorium alloys 
and magnesium-rare earth metal alloys. 


Dow Chemical Co. 
For More information, Circle No. 3, Page 17 


MATERIALS THROWING MACHINES 

hurl free-flowing bulk materials 
into areas usually inaccessible by other 
mechanical means. Units have range of 
90 ft and can pile to heights up to 35 
ft above discharge point. Trajectory can 
be varied from 15 deg above horizontal 


to maximum of 50 deg. Available in sus- 
pended, swiveling model and two port- 
able, wheel-mounted units in belt widths 
of 14, 20 and 28 in. with capacities up 
to 70 tons per hr for materials weigh- 


ing 50 lb per cu ft. Link-Belt Co. 
For More information, Circle No. 4, Page 17 


SINGLE-CYCLE AUTOMATIC DIE 
CASTING MACHINE . .. is push-button 
controlled, with quick-attach electronic 


timer unit for single-cycle automatic 
operation. Has new solenoid-operated 
valve system, with two-way speed con- 
trol for die setting and shockless opera- 
tion. Two safety features are dual micro- 


switches and a sensing device which 

retracts the toggles instantly if foreign 

matter gets between die faces. DCMT 

Sales Corp., Div. British Industries Corp. 
For More information, Circle No. 5, Page 17 


PLASTIC LEAD SEAL .. . an all- 
purpose pipe joint and thread sealing 
compound comes in three mixtures. One 
for most industrial services including 
Freon, anhydrous ammonia, chemicals, 
distillates, LP and natural gas, petro- 
leum products, steam, water and _ air; 
another for same services but of thicker 
consistency, especially recommended for 
pipe sizes over 1 in.; third contains spe- 
cial insoluble vehicles for such services 
as acetone, alcohol, glycerol, methyl, 
ethyl, ketone and amyl, butyl and ethyl 
acetate. Withstands pressures to 6000 
psi and temperatures to 550 F. Crane 
Packing Co. 
For More Information, Circle No. 6, Page 17 


CORE HANDLING . walkie-rider 
carry-all truck available in capacities 
from 2000 to 10,000 Ib is adaptable to 
a variety of applications. Can be fur- 
nished with 12 or 24-volt electrical sys- 





tems and with overdrive for long fast 
hauls. Shelving is removable to allow 
carrying larger packages. Lewis-Shepard 
Products, Inc. 

For More information, Circle No. 7, Page 17 


SELF-STORING AIR HOSE ... . elimi- 
nates hose reels and other storage facil- 
ities. Light weight reduces operator 
fatigue. Operates to 200 psi with maxi- 
mum working length of 20 ft. Synflex 
Products Div., Samuel Moore & Co. 

For More information, Circle No. 8, Page 17 


WATERLESS MOLDING SAND .. 
producing high-precision castings is pos- 





modern castings is the BIGGEST 
magazine in the metalcastings industry 


There are more pages of top technical 
editorial material in Mopern CasTINcs 
. . » 1400 pages in the last year... 
and you can receive a personal of 
oT gs00 eee in tee US. $750 

a year Ses 
elsewhere. 


To subscribe, complete the information 
on one of the cards below and mark the 
box [%] at the bottom of the card. You 
will be billed later. 


modern castings is 
the BEST source of manufacturers’ data 


When you see a “Circle No.” under an 
item or an ad, it means that there is more 
For Mere information, Circle Ne. 12, Page 17 information available to you by using the 

cards below. Movern Castincs fills more 
PLASTIC gue . + + new material of these inquiries than any other publi- 


or repair has been developed. Resists ' 
cbrasiss sid escsign. Suitable for other cation in the metalcasting industry 


foundry applications. Dike-O-Seal Inc. 
Fer More information, Circle Ne. 13, Page 17 





voltage equal to full dial capacity. Oper- 
ator merely turns test switch to check 
calibration. Toledo Scale Div., 

Scale 





Corp. 
For More information, Circle Mo. 14, Page 17 


ARD 
INDOOR-OUTDOOR INFRARED BUSINESS REPLY C 
HEATING . . . units reflect radiant First Class Permit No. 83, Sec. 349 P. L. & R. DES PLAINES, ILL. 


heating to specific a“ — costs 
are said comparable to often less Reader Service Dept. 
than gas, coal and oil heating costs for 
open-area applications where over-all MODERN CASTINGS 

h is ? j. 
warmt! not necessary. Units are _ , Wolf 


ing mounted, requiring no 
Des Piaines, Ill. 














Please type or print Void after July 1, 1960 
Please send me without obligation literature indicated by circled numbers. 


For More information, Circle No. 15, Page 17 


INFRARED DETECTOR .. . automat- 
ically measures and controls the tem- 

















strument response is automatic and con- 
tinvous. Lowest standard range is 400 F 
and highest is 2000 F with higher ranges 
available for special applications. Radia- 
tion Electronics Co. 

For Mere information, Circle No. 16, Page 17 


HIGH TEMPERATURE LUBRICANT 
. . « has excellent thermal stability and 
antiweld properties up to 750 F. Mate- 
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products and processes 
Continued from page 17 


rial is a mixture of thermally stable sili- 
cone oil with a solid type lubricant 
Shiciak 4 camden of codhen oft 
to prevent seizing and galling at 
pressures over 100,000 psi. Bel- 
Ray Co. 
For More information, Circle No. 17, Page 17 


HOT-MELT WATER SOLUBLE COM- 
POUND . for producing 
ner used in fabrication of rein- 
forced plastic ducts, filament winding 
mandrels and pressure vessels with 
breakaway and washaway type molds. 
Features claimed: when liquidized can 
be cast to final shape without use of 
parting agents; when solidified has com- 
pressive strength up to 19,000 psi at 
temperature to 475 F; cast shape will 
retain dimensional accuracy from room 
temperature up to 475 F; molds or man- 
drels can be dissolved in water or re- 
melted and material reused indefinitely. 
Rezolin, Inc. 
Fer More information, Circle No. 18, Page 17 


SEQUENCE TIMING BOARD .. . for 
actuating three stopwatches at precise- 
ly the same instant designed for use in 
laboratory research, field action-studies, 
materials handling, production timing 
and traffic analyses. The unit times se- 
quential steps with zero loss between 


steps with no necessity to read timer 
hands while they are in motion. Proce- 
dure is to start with timer 1 at zero, 
timer 2 stopped at (and ready to fly- 
back from) any point other than zero 
and timer 3 in motion. Heuer Timer 


For More information, Circle Wo. 19, Page 17 


MAGNETIC STIRRER .. . can handle 
up to six vessels, each of 1000-milli- 
meter capacity, at predetermined speeds 
for indefinite periods of time with iden- 
tical agitation. Unit measures 7x12x18 in. 
and has variable stirring action from 
slow mixing to high-speed agitation. 
Labline, Inc 


For More information, Circle Wo. 29, Page 17 


MICROSCOPIC GLASS BEADS ... 
said to be particularly effective in clean- 


Continued on page 20 
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B & P WIRE STRAIGHTENERS han- B & P ELECTRIC RIDDLES are mon- 
die random lengths of used core wires ufactured in four models to save 
and rods quickly and economically. money on every molding or core 
WIRE CUTTERS by B & P are ideal for making job. They cut costly man hours 
rods, wires and band iron. ++. Speed production. 


VIBRA-DRAW makes core drawing 8B & P JOLT SQUEEZE MACHINES, 

easier, increases production... spe- either stationary or portable, are 

cial care or skill is not needed evenin ideal for use where fast, efficient 

drawing complex cores. production, and simplicity of opera- 
tion are required. 


NOW YOU CAN SAVE WITH 


FOUNDRY MITES 


for the big job in the small foundry 


or the small job in the big foundry! 


A complete line of economy equipment that can effect 
important savings for any foundry, large or small, 
ferrous or non-ferrous. 


Compact, easy to use FOUNDRY MITES will per- 
form 1001 foundry jobs better and save costly man 
hours too. With nearly 50% of casting production 
cost directly chargeable to labor, today’s foundrymen 
cannot afford to overlook the advantages offered by 
this versatile line of equipment. Advantages in man- 
power, time, material and quality. 

Rugged, built-to-last construction assures economy in 
use as well as in initial cost. Choose the FOUNDRY 
MITES that will help you keep your production costs 
low, your competitive position high. 


FOUNDRY MITES feature 
Screenarators Electric Riddles 


Jolt Squeeze Machines Wire Cutters 
Vibra Draws Wire Straighteners 


BEARDSLEY & PIPER 


Div. Pettibone Mulliken Corp. 
2424 N. Cicero Ave. + Chicago 39, Illinois 


SCREENARATOR'S capacity, flexibility, performance and dependability 
have made them the most widely used conditioning units of any size in 
the foundry industry. Low cost Screenarators in three models provide from 
20 to 45 tons of sand per hour. 


Circle No. 157, Page 17 
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products and processes 
Continued from page 18 


ing and blasting by various wet and 
dry methods on a wide range of metals 
and materials. Said to be adapted to high 
precision cleaning and blasting such as 
treatment of delicate parts and surface, 
preparation of soft and hard metals for 
plating and other finishing and in oper- 
ations where low metal removal rate is 
important. Microbeads, Inc., subsidiary 
of Cataphote Corp. 
For More information, Circle Ne. 21, Page 17 


PIERCED METAL SHEET. . . made 
of carbon steel, stainless steel, copper, 


brass or aluminum is said to last up to 
three times longer than perforated met- 


al. Sheet thickness can be made up to 
seven times hole diameter. Working 





Find out for yourself... 


”"’ STEVENS 


sells more 


LIQUID PARTING 


than anyone else 
in the world! 


Just fill out the coupon 
below for a free test sample, 


frederic b.| STEVENS, 


DETROIT 16, MICH. 


Frederic B. Stevens, Inc. 
1800 — 18th Street 
Detroit 16, Michigan 


NAME 


Please rush me a free test sample 
of Stevens Liquid Parting! 


TITLE 





COMPANY. 





ADDRESS. 





CITY. 


ZONE 
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side, which has the smaller end of the 
tapered holes, has humps that act in 
shovel-like fashion to guide material to 
the openings. Available in sheets up to 
31 in. wide or formed into sheared 
shapes, cones, segments and cylinders. 
It can be tensioned and made with 
clamping grooves or turned edges. Cross 
Perforated Metals, National-Standard Co. 
For More information, Circle No. 22, Page 17 


PORTABLE DUST CONTROL SYS- 
TEM .. . designed for single point 
dust suppression or controlled wetting of 
raw materials. Can control dust at mull- 
ers, shakeouts, truck unloading bins and 
other dust generating points. System in- 
cludes a proportioner, mixing chamber 


and auxiliary controls mounted on hand 
truck. Proportioner can be factory ad- 
justed to dispense from 1 to 11 gallons 
per min of non-toxic dust suppression 
solution. Hand truck can be removed 
and installation made permanent unit. 
Four models. Johnson-March Corp. 
For More information, Circle No. 23, Page 17 


PORTABLE SCALE TRUCK .. . allows 
commodities to be moved and weighed 
simultaneously eliminating multiple han- 
dling of loads with consequent time sav- 
ings. Hydraulic footlift truck has a 
3000-Ib capacity and is built with spe- 


cial lifting angles to hold the scale. Use 
of scale as integral part of lift truck 
eliminates weighing of truck itself and 
supplies a net weight of material han- 
dled. Lewis-Shepard Products, Inc. 

For More information, Circle No. 24, Page 17 





PAYLOADER' 


PREFERRED BY FLEET OWNERS 





a 


FLEETS 


It is significant that there are more “PAYLOADER” 
tractor-shovels in the Foundry and Metal work- 
ing industries than all others combined. In addi- 
tion to fleet owners, thousands of individual 
owners dating back as far as 20 years ago, have 
bought “PAYLOADER” over and over again for 
this rugged work... proof of the satisfactor 
performance and dependability built into eac 
machine. 


Among the many fleet owners is the CADILLAC 
MALLEABLE IRON CO. of Cadillac, Michigan, 
who today are using 5 “PAYLOADER” tractor- 
shovels. Their first “PAYLOADER” was purchased 
back in 1945. Mr. Whaley, company treasurer, 


Among METAL PRODUCING MILLS and FOUN- 
DRIES in the United States and Canada op- 
erating 3 or more “PAYLOADER” units totaling 





LIBERTYVILLE, ILLINOIS 
SUBSIDIARY — INTERNATIONAL HARVESTER COMPANY 


MOUGH, PAYLOADER, PAYMOVEK, PAYLOGGER and PAY are regis- 
tered trademark names of The Frank G. Hough Co., Libertyville, ill. 


Bete 


inal 


15-VEAR 
PAYLOADER*® 
USER 


MACHINES 


says, “We wouldn’t have used “PAYLOADER” units 
exclusively for 15 years if we didn’t like the 
equipment.” 

The “PAYLOADER” units are used to unload sand 
from boxcars, haul sand and castings to shake- 
out hopper, haul sand to muller and back to 
molding stations. In addition the machines also 
handle refuse, iron scrap and coke. 

If you have a bulk material handling problem in 
your plant, see what a flexible, versatile “Ppay- 
LOADER” can do before you install any fixed 
material handling system. There are 20 models 
to choose from to fit your exact requirements. 
Send for complete details. 


ie beled 


THE FRANK G. HOUGH CO. 
711 Sunnyside Avenue, Libertyville, Ill. 
Send data on all “PAYLOADER" models and attachments. 
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Ferrous and Non-Ferrous Metalcasting Industry .. . 
..- Employees and Foundries 


Total employees in foundries employing 20 or more 
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HEH = Total Ferrous—204,880 233383; Gray lron—133,725 BEBE Aluminum—47,862 
RRRK Total Non-Ferrous—84,277 =— Malleable— 20,228 <>< Brass, Bronze, Copper, 
Steel — 50,927 Copper base alloy—11,412 
ME Other Non-Ferrous—25,003 





@ These charts present the total number of employees and foundries 
in the United States comprising the ferrous and non-ferrous castings 
industry. The three “pie charts” above show: first, the proportional 
number of employees within the two classifications; second, a break- 
down of employees involved in making (1) gray iron, (2) malleable and 
(3) steel castings; and third, a breakdown of employees engaged in 
production of (1) aluminum; (2) brass, bronze, copper and copper base 
alloy; and (3) other non-ferrous castings. 

The three charts below show proportions of foundries in these same 
categories. Source for this material is the Dun & Bradstreet 1960 Metal- 
working Directory, published by Dun & Bradstreet, Inc., New York. 


Total foundries employing 20 or more 
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HUN Total Ferrous—1,107 ‘ Gray lron—837 TT Aluminum—412 


xXXX Total Non-Ferrous—747 = Malleable— 71 @>4Q) Brass, Bronze, Copper, 
' Steel —199 Copper base alloy—174 


WM (Other Non-Ferrous—161 





@ Conversion of cupola iron into steel in the 
ladle . . . may sound to some like an alchem- 
ist's dream . . . but not to D. L. Bryant, Aus- 
tralian foundryman, who has succeeded in 
turning this bit of metallurgical artistry. The 
process starts with the tapping of about 1500 
Ib of cupola iron into an acid lined reaction 
ladle fitted with a lid. Then a water-cooled 
jet delivers oxygen at supersonic speed ver- 
tically onto surface of molten iron. Fifteen 
minutes and 1400 cu ft of oxygen later a mild 
steel suited for casting is tapped from tap hole 
near bottom of reaction vessel. Process can 
help iron foundries having occasional desire 
to make steel castings with a minimum of 
equipment investment. 


@ Did you know that flue gas . . . can be used 
to harden sodium silicate bonded sand cores 
and molds instead of CO2? Flue gas is ideal 
because of its acidity derived from CO2 and S 
content. Your only problem is to figure out 
how you're going to collect, compress and de- 
liver it to gassing stations. 


@ Kiss gating . . . no, it's not a new vice... 
but a darned good way of introducing clean 
metal into mold cavity plus making it easy to 
break castings off the gating system with a 
sharp hammer blow. Gate runs in cope and 
just barely makes contact with casting cavity 
(or cavities) in the drag. Works especially good 
when you have a multiplicity of small brass 
and bronze castings attached to runner system. 


@ Ever start up . . . a continuous sand sys- 
tem in a foundry on Monday morning? You 
really need a strong index digit to push all 
the buttons and a good set of directions for 
pushing them in the right sequence. Or else 
you will have sand running down the molders’ 
necks and will be digging the muller from 
under a sand dune. Here's a typical succession 
of equipment start-ups that must follow each 
other in the right order: 1) exhaust blower on 
roof . . . 2) feed belt to storage bin . . . 3) 
aerator on belt ahead of storage bin . . . 4) 
vibrating screen for removing metal and core 
butts from shakeout sand . . . 5) belt elevator 
. . . 6) shakeout conveyor belt . . . 7) over- 
flow conveyor belt . . . 8) distribution belt 


over molding stations . . . 9) aerator on dis- 
tribution belt . 10) small metal particle 
separator . . . 11) bucket elevator . . . 12) 


muller . . . 13) feed belt to muller. Just to be 
on the safe side, most foundries also interlock 
the push buttons so the second button won't 
operate until the first one has been pushed. 


@ One man’s by-product is another man’s 
product . . . in this complex industrial age of 
ours. So a by-product of powdered-coal-fired 
steam-electric power plants is finding its way 
into the metalcasting industry. The by-product 
is an abrasive grit for air or airless blast clean- 
ing of non-ferrous castings. Because of its 
sharp and angular nature, it imparts a finely 
etched appearance to the surface of castings. 
Said to cut fast, have long life, be impervious 
to moisture and present no silicosis hazard. 


@ On-the-job medical care . . . is an attractive 
fringe benefit that keeps employees happy and 
healthy at Stockham Valves & Fittings, Inc., 
Birmingham, Ala. Two dentists, a doctor, and 
4 nurses are on duty every day in their exten- 
sive medical clinic. Each employee receives an 
annual physical examination including chest 
x-ray. Medical care is provided only in the 
clinic and only during working hours. Program 
is also big help in reducing absenteeism. 


@ New Look . . . in foundry superintendent's 
office. Nowadays when you walk into the 
super’s office you can’t see the walls because 
they are covered with quality-control charts. 
Every department and every operation con- 
tributing its influence on scrap generation is 
kept under close surveillance by the superin- 
tendent and quality-control engineers. At one 
quick glance you can see on the graphs what 
element is drifting out of line and pull it 
back in before it’s reflected in substandard 
castings. Or if you wonder what happened 
last Wednesday in the melting department. . . 
there it is. Recommended reading on this sub- 
ject is “Specialized Foundry Statistical Controls 
Improve Customer Satisfaction” by B. M. 
Appleman, Texas Foundries, Lufkin, Texas. 
They saved $80,000 in one year with such a 


program! 
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How many tons of 
materials. . 
How far dofmey move 


od by Jack H. Scuaum/Ed. 


Do you realize that next to making good castings 

your biggest job in the foundry is moving ma- 
terials) Foundrymen operate a gigantic merry-go- 
round of raw materials and supplies constantly on 
the move. Your efficiency in carrying out this impor- 
tant facet of daily operations may very well decide 
whether your year-end net is written in red or black 
ink. 

For years now it has been a foundryman’s rule-of- 
thumb that you had to move 200 tons of materials 
to make a ton of finished castings! Since no substan- 
tial proof of this. claim has ever been forthcoming, 
Mopern Castincs decided to make a detailed study 
of materials handling in a modern foundry and find 
out just what this figure should be. 

Perhaps 200 tons of materials must be moved in an 
inefficient antiquated foundry system. If so, then the 
savings possible through modernization are stagger- 
ing . . . because the Mopern Castincs study re- 
vealed that the job of producing a ton of finished 
castings can be done by moving only 90 tons of ma- 
terials!) Even with this remarkable reduction, moving 
90 tons is a prodigious assignment when multiplied 
by your daily production tonnage. 

To dramatically demonstrate the magnitude of this 
never-ending profit parasite, MopERN CastTINGs pre- 
sents here a detailed study made in one of the newest 
and most modern metalcasting plants in the United 
States . . . the Ewart Foundry of Link-Belt Co. at 
Indianapolis. Here is a plant built to meet and sur- 
pass all previous standards for production of quality 
malleable iron castings. But beyond this the foundry 
layout was planned as a show place to demonstrate 
the epitome of efficient materials handling . . . an 
achievement made possible because Link-Belt Co. is 
one of the leading producers of equipment for han- 
dling foundry materials. 

This article is aimed at answering two fundamental 
questions: How many tons of raw materials must be 
moved to make a ton of finished castings . . . and 
how far must they be moved? 

To develop these answers all important ingredients 
contributing to the production of finished castings 
were weighed and the distances traveled were meas- 
ured. All data collected have been extrapolated to a 
common denominator of one ton of finished castings. 
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SAND DISTRIBUTING BELTS 


— OSCRLATING CONVEYOR 
Partial floor plan, Ewart Foundry, Link-Belt Co., 
Indianapolis, one of newest and most modern 
metalcasting plants in the United States. 


The finished castings in this case are malleable iron 
chain links with a shipping weight of 0.629 Ib apiece. 

We will now follow the devious paths traced by 
the complex of materials and operations that make 
a casting. At the start these materials divide them- 
selves conveniently into eight facets of production: 
1) molding sand, 2) coremaking, 3) molding opera- 
tions, 4) melting, 5) pouring, 6) shakeout, spruing 
and hard iron cleaning, 7) heat treatment, and 8) soft 
iron cleaning, inspection and shipping. 


1 Molding Sand 


With chain links weighing 0.629 lb apiece, 3180 
castings will have to be made to total one ton. Ten 
links are made per mold so 318 molds must be ram- 
med. Each mold contains 83 Ib of green sand and 
0.83 lb of cores. This totals 26,394 Ib of green sand 
and 264 Ib of core sand. In making 318 molds an 
additional 5280 lb of green sand is needed to make 
up for spillage at molding stations. 

Green sand therefore totals 31,674 lb. Included in 
this weight are 160 lb of additives and 126 lb of new 
sand. Only these two small quantities move from raw 
material storage to the muller since the balance is 
constantly “in process.” 

New sand arrives in boxcars and is carried by 

front-end loader 60 ft to storage 
bins. Front-end loader moves 126 
Ib of new sand 150 ft and dumps 
© it through a hole in floor onto 





spill-sand belt conveyor. Sand then moves 215 ft via 
three different belts 
to shakeout oscillat- 
ing conveyor. 

Here new sand 
meets up with the 
mold shakeout oper- 
ation and joins 26,784 
Ib of hot shakeout 
sand including 264 Ib 
of core sand. With a 

jolt-squeeze molding operation fed from an overhead 
hopper there is about 20 per cent sand spillage at each 
molding station. For 318 molds this amounts to 5280 
Ib. This spill sand drops 4 ft through a grate under 
molding machines onto a belt conveyor. Conveyor 
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carries spill sand 70 ft and drops it onto transfer 
conveyor. This belt in turn moves sand 50 horizontal 
feet and 9 vertical feet to the shakeout oscillating 
conveyor. 


This oscillating conveyor is over 300 ft long. 


The oscillating shakeout conveyor is a rugged work 
horse moving 5280 Ib of spill sand and 26,784 of hot 
shakeout sand, plus 4543 Ib of hot castings and sprue 
90 ft to the shakeout screen. 

Shakeout screen separates sand from castings with 
sand moving about 4 ft across screen and dropping 
4 ft onto an oscillating conveyor which is 20 ft long 
and discharges onto belt conveyor. This belt carries 


Five shakeout screens deposit sprues and cast- 
ings onto the conveyor shown here and above. 


sand 25 ft and up 8 ft over a magnetic pulley to re- 

move tramp iron. Sand 

then drops 10 ft into the 

boot of a double bucket 

elevator. Elevator (rated 

at 225 tons/hr) raises 

31,514 Ib’ of sand 57 ft to storage 

bin over mullers. Difference between 

32,064 Ib and 31,514 Ib of sand ad- 

heres to castings or is pulled out 

through exhaust system. This differ- 

ence is 550 Ib which is equal to weight of core sand, 

new sand and additives entering the system. 

Sand additives, palletized in sacks, arrive at the 

plant by truck or railroad. Fork truck is used to trans- 
fer the additives 50 ft to storage. To 
make 318 molds, 160 Ib of additives are 
mixed into 31,514 lb of green sand. Fork 
truck carries this quantity 300 ft to a 

floor level trap door near muller. Sand additives drop 

5 ft into a pneumatic chamber. Compressed air at 9 

Ib/sq. in. deliver 160 lb of binders up 10 ft and over 10 

ft through a pipe to the muller in eight 20-Ib batches. 

Muller reconditions the sand in 4000-Ib batches. In 

order to prepare the 31,674 Ib needed for 318 molds, 

31,514 Ib feed by gravity 46 ft down into muller 

from overhead storage bin. Eight 


batches are mixed with the 160 Ib 
of additives. 

Conditioned sand discharges 7 ft 
down into a hopper and through to 
conveyor belt. This belt moves 
sand 10 ft horizontally and 8 ft 





downward to boot at bottom of 
bucket elevator. As fast as 
the molding sand arrives in 
the boot the buckets elevate 
the 31,674 lb of sand 42 ft 
to a large overhead storage 
hopper. 
The sand is now ready for delivery to the molding 
stations. Gravity sup- 
plies the power needed = 
to move the sand down i 


11 ft through a revivifier 


a 
onto the main horizontal 4 L 
distribution belt travel- — 
ing continuously above 


the molding stations. Diversion plows drop down on 
the belt and plow the sand into storage hoppers lo- 

















Distributing belt conveyor serving 18 molders 
supplies sand according to individual needs. 





TABLE I—MATERIALS MOVED TO MAKE A TON 
OF MALLEABLE IRON CASTINGS 


Material 
1—Molding Sand 
New Sand 
Sand Additives 
Shakeout Sand 
Spill Sand 
Subtotal 
2—Coremaking 
Sand delivery from box car to 
muller 


Weight Distance Moved (feet) 
(Ib) Horizontal Vertical 





126 219 
160 101 
26,784 211 
5280 216 
747 


38 


Core sand mix to core benches 5 


Coremaking 

Green core transfer 

Core baking 

Core transfer to inspection 
Inspection and racking 


Core delivery to molding station 


Core setting 

Subtotal 

3—Molding Operations 

Matchplate: 

Delivery to molding stations 
Return to storage 

Delivery to molding station 
Snap Flask: 

Return to storage 

Flasks 

Matchplates 

Bottom boards 

Squeeze boards 

Mold weights 


Subtotal 
4—Melting 
Steel scrap 
Malleable sprue and scrap 
Coke 
Limestone 
Air 
Slag 
Transfer to air furnace 
Coal 
Subtotal 
5—Pouring 
Transfer ladle 
Molten iron transfer 
Pouring ladles 
Pouring iron 


Subtotal 
6—Sh L. ” and cl 
Shakeout 
Transfer to spruing 
Spruing 
Sprue cleaning 
Sprue delivery to scrap yard 
Sorting Castings 
Tote box movements 
Cleaning Castings 





60 
60 
54 


54 
8586 
9540 
1590 
1590 

12,720 
34,254 


2201 
2483 
420 
190 
2421 
79 
4543 
320 


12,657 


8000 
4543 
3600 
4543 
20,686 


4543 
4543 
4543 
2248 
2248 
2295 

300 
2295 


Delivery to grinding department 2295 


Grinding 
Casting rejects 
Subtotal 
7—Heat Treating 


2295 


27,779 


Castings moving to pot loading 


stations 

Loading pots 

Packing gravel pots 
Moving to mudding station 


Moving pots to annealing ovens 5122 
Removing pots from annealing 


ovens 
Moving pots to shakeout & 
dumping 

Shakeout 

Castings to weigh station 
Castings to cleaning room 


Subtotal 
8—Final Cleaning 
Casting cleaning 
Sorting 
Inspection 
Casting rejects 
Weighing 


Delivery to storage and shipping 2000 


Subtotal 
Grand Total 


2122 
2122 

600 
5122 


— 
as 


5122 


5122 
5122 
2061 
2061 


34,576 


S858 8 
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2061 
2061 
2061 

61 
2000 


Issa. 


a 
n 
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10,244 
174,922 


S 
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cated under the belt at each molding station. Some 
31,674 Ib of sand travels an average of 135 ft on this 
belt and drops 10 ft into hoppers at molding stations. 
Section 1 in Table 1 summarizes these movements. 


2 Coremaking 


To make 318 molds containing 3180 chain links, a 
total of 264 lb of cores are needed. Core sand arrives 
by box car on a siding. A front end loader carries sand 
20 ft and dumps it into a chute where it slides to base- 
ment storage bin. Bucket elevator raises sand 18 ft 
and dumps it into mull- 
er. Core mix discharges 
through a riddle into a 
wheelbarrow. Prepared 
sand is wheeled an 
average of 50 ft to core 
benches. Cores are hand 
rammed and set on a 10- 
Ib plate which is in turn 
placed on a conveyor 
belt. Belt moves 45 ft to 
vertical core oven where 
cores make 60-ft round 
trip in baking process. 
Baked cores then travel 
40 ft on roller conveyor 
to inspection. Inspected 
cores are racked in tote 
boxes and delivered to 
molding stations 355 ft 
away on manually 
pushed core buggies. 
Section 2 in Table 1 
summarizes these movements. 


3 Molding Operation 








Before molding can commence, two 30-lb match- 
plates must be delivered to the two molders assigned 
to making the 318 molds. Plates are moved by hand 
truck from storage in basement of foundry to the mold- 
ing station—a distance of 85 horizontal and 10 vertical 
feet. Two sets of cope and drag flasks (54 lb) must be 
fitted to the matchplates and hand trucked 100 ft to 
the molding stations. The previously used matchplates 
and flasks are brought back to storage on the return 

trip. 

ree At the jolt-squeeze sta- 

tion power is supplied 
by the skilled molder. 
To make each mold he 
must handle several 
times a 15-lb cope snap 
flask, a 30-Ib matchplate, a 12-Ib drag snap flask, a 5-Ib 
bottom board and 83 Ib of sand. For 318 molds this 
adds up to 8586 Ib of flasks, 9540 Ib of matchplates, 
1590 Ib of bottom boards, 26,394 Ib of sand, 264 lb of 
cores and 1590 Ib of squeeze boards. Seventeen opera- 
tions performed with these materials in making 318 
molds add up to 413,025 ft-lb of work! At the rate of 
a mold every two min- 
utes, two molders can i 
make these 318 molds A 
in 5.3 hours. 
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The 84-lb sand mold and its 5-lb bottom board glide 
on a gravity roller con- 


veyor about 20 ft to the ss 


pouring station. A 

weight shifter carries 

40-lb weights some 10 ft cha, 

and sets them on each mold just before filling with 14.3 
lb of molten metal. Shortly after pouring, the weights 
are removed and molds roll another 20 ft to be dumped 
through a hole in floor onto an oscillating conveyor. 
From molding station to dumping, material move- 
ments total: 26,712 Ib of sand move 40 horizontal ft 
and drop 6 ft; 12,720 lb of mold weights travel 12 ft 
forward and 3 vertical ft; 4543 Ib of metal travel 23 ft 
and drop 3 ft; and 1590 Ib of bottom boards make an 
80-ft round trip moving 
up and down 5 ft. 

As mentioned earlier, 
the 90-ft shakeout oscil- 
lating conveyor carries 
spill sand, castings and 
sprue to the hot shake- 
out sand, hot shakeout 
screen. Here sand and 





i 


After cooling, molds and castings 
are discharged onto oscillating con- 
veyor running under floor, and 
then move to shakeout screen. 





Metal 
Oxidation Loss 
141 Ib (3%) 





metal part company. Shakeout sand travel from this 
point back to storage has already been described. This 
completes the movements of molding materials. Table 
1, Section 3 summarizes the weights and distances 
involved. 
4 Melting 

The first scene of activity in the melting department 
is centered in the scrap storage yard located behind 
the cupolas. 

Figure 1 has been prepared to show the materials 
which must be charged into a cupola and what hap- 
pens to them in the process of making a ton of finished 
malleable iron castings. You can see why a total of 
4684 lb of scrap steel, sprue and malleable scrap are 
needed to provide 2000 
lb of castings for ship- 
ment. The percentage 
data refers to the per 
cent that each particu- 
lar item amounts to in 
terms of this total metal 
charge. 

The melting depart- 


ame” 
Lh 


Ten-ton ovehead crane spans full 
width of material storage and charg- 
ing yard. Raw materials arrive in 
freight cars in covered yard area. 








Other Losses Steel oe. 
531 Ib ) 


2201 Ib (47 











Fig. 1 . . . Flow chart showing raw 
materials charged into cupola and 
metal recoveries leading to a ton of 
finished malleable iron castings. (% 
refers to per cent of total metal 
charge involved in each operation.) 
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Metal Poured 
into 318 Molds 
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Heat Treatment 
2122 Ib (45.3%) 


Hard Iron Scrap 
174 Ib (3.7%) 
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ment raw materials—steel scrap, coke, limestone and 
coal—arrive in freight cars. A 10-ton overhead crane 
equipped with an electro-magnet grabs steel scrap in 
gondola car, raises it 15 ft, carries it 40 ft and drops it 
25 ft into a storage bin. A 

clamshell bucket attach- 

ment is used or the crane 

to transfer coke, coal and 

limestone to their storage 

bins 50 feet away. 

In making up cupola 
charges a vibrator moves 
420 Ib of coke and 190 lb of limestone 5 ft from bins 
and drops it 10 ft into weight hopper. To the weigh 
hopper via crane comes 2201 Ib of steel scrap some 
100 ft and 2483 Ib of malleable sprue and scrap about 
55 ft. This amount of material actually represents two 
charges which drop 10 ft into charge buckets. A trans- 
fer car moves the buckets 45 ft to a hoist which raises 
them 30 ft to the charge opening where they are 
automatically dumped into the cupola. 

Not to be overlooked is the 2421 Ib of air that must 
be transported 150 ft and blown through the tuyeres 
to achieve combustion in the cupola. 

Coming out the slag spout is 79 lb of slag which is 
granulated in a stream of water. A trough carries the 
slag over 20 ft and down 20 ft into a tank from which a 
flight conveyor moves it up 15 ft and out 15 ft to a 
dump truck. Truck hauls slag 2640 ft to the dump area. 

Molten metal coming out the tap spout flows over 
25 ft and down 3 ft into the air furnace. Because of 
melting losses only 4543 Ib reaches the air furnace. 
During the time the iron remains here for superheat- 


ing and composition adjustment, about 320 Ib of coal 


Electric magnet drops 
scrap into automatic 
charging hopper. 


Electrically operated 
transfer car. 


Charging bucket lift- 
ed from transfer car. 


Hot iron trough from 
cupola to furnace. 


are burned. This quantity of coal has moved 50 hori- 
zontal ft and 30 vertical ft getting from freight car to 
storage bin via clamshell bucket. Now it is pulverized 
and blown 100 ft to the air furnace burner. Section 4 
in Table 1 details the weights and distances involved. 


5 Pouring 


Molten iron is tapped from the air furnance into 
transfer ladles weighing 2000 Ib and holding 1200 lb of 
metal. To deliver the 4543 Ib of metal needed to pour 
318 molds at the pouring stations, the transfer ladle 
has to make four trips. This operation involves travel- 
ing 165 ft by monorail from furnace to pouring stations 
with 4543 Ib of metal and 8000 Ib of ladles . . . four 
round trips returning each time with 8000 lb of empty 
ladles . . . all at a height of about 8 ft above floor level. 


Duplex melting system 


After pouring 
molds, operators 
dump castings on 
oscillating convey- 
or beneath the 
grating. 


Metal flows from transfer ladle to pouring ladles 
weighing 200 lb and holding 250 lb. Pour-off man 
moves an average of 10 ft. To pour off 318 molds, 18 
ladles of iron are needed. So 3600 Ib of ladles as well 
as 4543 lb of iron are being moved about during pour- 
ing. Section 5 in Table 1 summarizes the molten metal 
movements. 


6 Shakeout, Spruing and Hard Iron Cleaning 


Dumping the poured 
molds onto the shakeout 
oscillating conveyor has 
already been described 
with respect to sand 
movements. The 4543 Ib 
of hot castings travel 
this same 90 ft in com- 

pany with the sand until they cross the vibrating 
shakeout screen. Castings move 8 ft across the shake- 
out and drop] ft onto an oscillating conveyor. For 300 
ft they move under the 
foundry floor gradually ris- 
ing 3 ft to be discharged 
on an apron conveyor. This 
conveyor travels up 6 ft 


Castings are sprued, sorted 
on apron conveyor and sent 
on for cleaning, annealing. 





and 50 ft past the spruing 
stations where 2248 lb of cat ~Sd. at 
gates and risers are bro- = 
ken off the castings. The \ 4] 
remaining 2295 Ib of cast- 
ings are sorted into the boxes. But sprue rides on 45 
ft further to the sprue mill where it is cleaned of sand. 
Thirty feet further the clean sprue drops onto a belt 
conveyor for a 23-ft climb and 300-ft trip to the scrap 
yard for recharging into the cupola. Tote boxes weigh- 
ing 300 Ib and holding the 2295 Ib of hard iron cast- 
ings are trucked by forked lift about 70 ft to an 
abrasive cleaning machine. Clean cast- 
re nigs discharge onto an oscilliating con- 
veyor which drops them into barrels 20 
ft away. Eight barrels of castings totaling 2295 Ib are 
hand trucked to hard iron grinding. Inspection elimi- 
nates an average of 174 lb of castings which are car- 
ried by fork-lift truck 300 ft to the scrap yard. Section 
6 in Table 1 summarizes the casting movements 
through hard iron cleaning. 











7 Heat Treatment 


There now remains 2122 lb of hard iron castings 
eligible for heat treatment. These are transported in 
barrels 140 ft to the pot loading station in the anneal- 
ing department. This department has not yet been 
modernized so movements may appear a little primi- 
tive compared to those described up to this point. 
About 265 Ib of castings are dumped into an anneal- 
ing pot weighing 300 Ib. Then 75 lb of red flint gravel 
are packed around the castings. Eight pots are re- 


quired. This adds up to a total weight of 2122 lb of 
castings, 2400 Ib of pots and 600 lb of gravel to be 
moved 50 ft to mudding station, 125 ft into annealing 
oven, 40 ft out from oven to cool after annealing 
and 50 ft to shakeout. 


Annealing department has not yet been modern- 
ized, from annealing oven, castings move to 
shakeout. 


Pots are bottom dumped 4 ft onto shakeout screen 
where the 600 Ib of gravel and 61 Ib of metallic oxide 
scale, developed during annealing, 
are separated from the castings. An 
apron conveyor carries the balance 
of 2061 lb of annealed castings 
over 60 ft and up 11 ft 
to drop into wheelbar- 
rows. A worker wheels 


castings 20 ft to weigh scale and another 20 ft where 
he dumps them onto a slat elevator. On the elevator 
castings travel 30 horizontal ft and 6 vertical ft and 
again discharge into wheelbarrows. From this point 
they are wheeled 80 ft to the Soft Iron Cleaning, In- 
spection and Shipping Department. Section 7 in Table 
1 summarizes movements through the Heat Treatment 
Department. 


8 Soft Iron Cleaning, Inspection and Shipping 


The 2061 Ib of castings are dumped into a shot-blast 
cleaner and discharged onto a sorting table. Castings 
are sorted into tote pans weighing 20 Ib and holding 
80 Ib each. So 26 tote-pan loads roll by gravity con- 
veyor to the inspection area where an average of 61 Ib 
of castings are scrapped and sent to storage yard for 
remelting. The final 2000 Ib of inspected castings are 
transferred in barrels 40 ft to weigh scales and another 
40 ft to storage and shipping . . . the final goal has been 
reached—one ton of finished malleable iron castings. 
This achievement has required: 
® The movement of almost 90 tons of foundry 
materials .. . 

® through a complex maze over two miles 
long... 
up and down 1553 feet .. . 
with 44 different units of materials 
handling equipment .. . 
driven by 700 hp of energy .. . 
plus some 55 separate manual operations . . . 
a lucid demonstration of the staggering 
materials handling challenges to be 
met in your everyday foundry complex. 


Remember this study was made in a new foundry 
designed for top efficiency in materials handling. How 
would your shop measure up in a similar analysis? 





TABLE 2—HORSE POWER OF MECHANICAL 
EQUIPMENT USED IN MAKING A TON OF 

FINISHED MALLEABLE IRON CASTINGS 

Number of Units Total HP 

70 
100 

3 

3 
80 





Front End Loaders 
Fork Lift Trucks 
Dump Truck 
Transfer Car 
Overhead Crane 
Belt Conveyors 
Oscillating Conveyors 
Apron Conveyors 
Vibrating Conveyor 
Flight Conveyor 
Monorail Conveyor 
Shakeout Screens 
Gravity Roller Conveyors 
Bucket Elevators 
Slat Elevator 
Cupola Hoist 

Skip Hoist 
Pneumatic Conveyor 
Vertical Core Oven 
Cupola Air Blower 
Coal Blower 


50 
2 
33 
3 
30 
19 
100 
20 
6982 
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“we make castings 
for foundries’ 


New-found metalcasting abilities are literally per- 
mitting the foundry industry to lift itself up by 
its own bootstraps. 

The die casting, permanent mold and shell molding 
processes have certain economic limitations imposed 
by expensive machining and die-sinking operations 
required in making metal dies, permanent molds, 
patterns and core boxes. Sarcol Foundry & Pattern 
Corp., Chicago, has found it possible to short-cut 
these time-consuming, cost-raising operations by using 
precision cast-to-size foundry techniques. 

Efforts, heretofore using conventional processes, fell 
short of the dimensional precision required so often 
by astute casting buyers. Even baked zircon molds 
were not fully adequate to meet industry needs. Real- 
izing the limitations of standard methods, Sarcol 
investigated a new foundry technique, the Shaw proc- 


Fig. 1 . . . Flask boards are 
locked around pattern. 


Fig. 4... Pattern is stripped 
with back-off screws. 


* modern castings 


Fig. 5 . . . Here’s the mold 
with pattern removed. 


By Wa.TER R. COLSMANN 
Sarcol Foundry & Pattern Corp. 
Chicago, Ill. 


ess, which held promise of casting to previously un- 
attainable dimensional accuracy. 

This process was developed in England during 
World War II to make steel castings with extremely 
accurate dimensions and fine as-cast surface finish 
for aircraft and jet engines. In brief, the Shaw proc- 
ess involves the making of a disposable mold—usually 
cope and drag—by pouring a refractory slurry over 
an accurate wood or metal pattern. After slurry has 
set but still has some elasticity, the pattern is drawn. 
Mold halves are fired at 2000 F and permitted to cool 
to any desired temperature for pouring. 


Pattern Shop 

Since the final casting can be no more accurate 
than the original pattern, a precision pattern shop is 
the first basic ingredient to success in the Shaw proc- 


Fig. 2 . . . Ceramic slurry 
is carefully poured. 


Fig. 3. . . Flask is removed 
from hardened mold. 


Fig. 6. . . Mold is moved 
to firing rack and ignited. 
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Fig. 7 . . . Volatile agent 
burns off mold. 


S 


Fig. 9 . . . Group of molds 
are ready for pouring. 


an comme 


Fig. 8 . . . The baked copes 
and drags are cemented. 


Fig. 10 . . . Casting looks 
like this after shakeout. 


Fig. 12 . . . Both halves of 
another shell core box. 


Fig. 11 . . . Here is one half 
of cast core box. 


Fig. 13 . . . Cast-to-size die 


casting dies. 


Fig. 14 . . . Die-casting dies 
are cast in H-13 steel. 


ess. Sarcol has a fully equipped pattern shop with 
craftsmen capable of working in the realm of + .001 
in. The closely integrated precision production team 
numbers a total of 30 specialists in the whole shop. 

Probably the best way to get a full appreciation 
of our process is to walk through the shop and ob- 
serve the various operations. The pattern shop builds 
experience into each job. Thorough familiarity with 
shrinkage characteristics of mold and metal are a must 
to achieve the dimensions that the die caster wants 
in his final casting. Patterns must be made with care 
as any flaw in the pattern will be reproduced exactly 
in the finished casting. Wood patterns are usually 
finished with a coat of wax as varnish may react 
adversely when in contact with some of the chemicals 
used in this process. The pattern and gating is mount- 
ed on a flat board or metal plate. 


A mounted precision wood pattern of a shell core 
box is being readied for molding in Fig. 1. An adjust- 
able slurry box is fitted around the pattern board for 
each job. You can see four plywood flask boards locked 
in position with clamps in Fig. 1. The pattern is 
now ready to be invested in a ceramic slurry. 

The slurry for each mold-half is made as an indi- 
vidual batch since it sets solid quickly after mixing. 
A carefully weighed quantity of powdered refractory 
material is mixed with a liquid binder of ethy] sili- 
cate in much the same way that you mix a milk 
shake. A catalytic agent is added that controls the 
gelling time of the mixture. The slurry is carefully 
poured over the model in Fig. 2. Slight agitation is 
sometimes required to avoid air pockets in the mold. 
After setting for a few minutes the slurry attains a 
solid but pliable elastic state. 
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Then clamps are removed and sides of flask drawn 
away, revealing the drag mold. Now refractory mold 
looks like Fig. 3 Mold is rolled over and pattern 
gently drawn from mold. In Fig. 4 this stripping oper- 
ation is being accomplished with the aid of back-off 
screws. 

Extreme care is required in this operation as ex- 
cessive tension could rupture the gel at points of 
stress concentration. After stripping, complete elastic 
recovery occurs so there is no change in size or loss 
of detail. At this stage, the mold is flexible enough 
and also strong enough to be stripped from a model 
with no draft, or in some cases one with moderate un- 
dercuts. 


show case of 
shaw process castings 


At the 1959 AFS Engineered Castings 
Show in Chicago, a large number of cast- 
to-size patterns, molds and dies were on 
exhibit. A few of them are pictured on 
this page. To the right are three dies and 
two parts made from them. 


The line-up below displays four Shaw Process castings 
and the parts made therefrom. Starting from the left, 
the first is an embossing die cast of 0-6 tool steel; 
next is an injection mold of 0-1 tool steel; next is a 
plastic compression mold (core); and on the right is 
a zinc die casting die made of H-13 tool steel. 


The plastic toy industry needs lots of 
slick shapes to satisfy the changing 
whims of children. Below are a few ex- 
amples of how cast-to-size dies meet 
these demands. 


* modern castings 


When stripping is completed the mold is inspected 
again (Fig. 5). If approved, the mold is carefully 
moved to a firing rack (Fig. 6). The mold is then 
ignited to burn off all volatile surface agents (Fig. 7). 
After burn-off is completed the mold is ready for the 
bake oven. Baking is done for eight hours at 2000 F. 

During the baking cycle the gelled binder burns 
out of the mold, leaving minute silica particles be- 
tween the larger particles of refractory material. This 
produces a fine micro-crazing throughout the struc- 
ture of the mold. Under magnification the network 
would resemble a pile of ragged baseballs separated 
by, yet bonded by, grains of fine beach sand. This 
structure permits each granule of refractory material 


The growing use of shell 
cores has aroused a lot 
of interest in this cost- 
cutting technique for 
making iron core boxes, 
like one above. 





to be separated from the next by a micro-crack. 

The final refractory mold is made up of an inter- 
locking mass of small silica-bonded refractory gran- 
ules divided by craze-cracks so small that they do 
not impair the surface finish of the casting produced 
in the mold. These cracks provide permeability. 

Molds are permitted to cool down to any tempera- 
ture after baking. However, before pouring, they are 
usually preheated to at least 300 F to eliminate risk 
of any condensed moisture being present. 

Cope mold half usually contains gates and risers 
and is made in exactly the same manner as the drag 
half just described. After careful inspection, the baked 
copes and drags are cemented together (Fig. 8). 
The completed molds are now ready to receive mol- 
ten metal (Fig. 9). 


Pouring the Casting 

Practically any metal that can be cast can be 
poured into these refractory molds. At Sarcol most 
of our work is either cast in high-test gray iron for 
shell patterns, shell core boxes and permanent molds; 
or in SAE H-13 steel for dies used in aluminum and 
zine die casting; or in SAE-01 for dies used in plas- 
tic molding, metal shearing and metal stamping. 

A 200-lb indirect electric-arc furnace provides mol- 
ten metal for pouring. Metal chemistry and tempera- 
ture are kept under precise controls because of the 
ultimate high quality goals that must be achieved. 
When molten steel at close to 2900 F is poured into 
the ceramic mold, the mold retains its original dimen- 
sions because the refractory material expands into 
the network of tiny cracks running throughout. 

Castings are always cooled slowly in the mold 
overnight to achieve self-stress-annealing for maximum 
dimensional stability. When shaken out of mold next 
day a typical casting has the appearance shown in 
Fig. 10. Castings are then sand- or vapor-blasted, 
annealed if necessary, gates and risers removed, and 
shipped to customer. 


Finished Castings 

Pictured in Fig. 11 is a finished 150-lb shell core 
box. Another shell core box, made in high test gray 
iron, appears in Fig. 12. Die casting dies, cast-to-size 
in H-18 steel, are illustrated in Fig. 13-14. 

Sarcol has perfected the Shaw process to the point 
where relatively large parts are cast to tolerances 
rivaling investment castings. As-cast tolerances be- 
tween castings in consecutive duplication are: 

+0.0025 in./in. for sizes 1-8 in. 
+0.0020 in./in. for sizes 8-16 in. 

Castings have an as-cast finish of 60-80 micro- 
inches. Mold life on iron permanent molds for casting 
aluminum has been improved at least 25 per cent 
and delivery times shortened as much as 60 per cent 
compared with machined molds. Cost savings often 
reach 50 per cent. Similar benefits have been realized 
in cast-to-size molds for zinc and aluminum die cast- 
ings and for plastic injection. 

The mastery of this new foundry process has per- 
mitted Sarcol to add a new dimension to metal- 
casting technology, thereby opening the door for pro- 
duction and jobbing foundries to produce better 
castings more economically. ® * § 


HERE'S HOW 


Here’s How . . . metalcastings are doing a 
better job . . . foundries are solving pro- 
duction problems . . . new products are re- 
solving in-plant headaches. If you have an 
appropriate contribution for this department, 
send it to the Editor of Modern Castings. 


- ++ you can use a simple tech- 
nique for spotting a mold shift be- 
tween cope and drag. One good trick 
observed in a plant of the Central 
Foundry Div., GMC, is illustrated in 
this sketch. 

Castings are designed so a mold 
shift can be quickly spotted when 
the casting is inspected after shake- 
out. By cutting a small groove around 
the periphery of a symmetrical sec- 
tion one can easily see if the cope 
and drag were perfectly aligned 
throughout the casting process. Pic- 
ture shows how this groove looks 
with and without a shift. Groove 
would naturally be cut into the pat- 
tern on a noncritical surface. Of 
course this system doesn’t warn you 
of the shift until after the casting 
is made but it does let you spot 
trouble quickly. 


SHIFT RING 


PARTING CASTING 
LINE OKAY 


CASTING 
SHIFTED 


SHIFT RING INDICATES 
DEGREE OF COPE ¢ DRAG SHIFT 


. » » Wolverine Brass Works, Grand Rapids, Mich., 
uses a mobile shakeout hood to serve a multitude of roller 
conveyor lines leading from molding stations. As soon as 
poured molds are ready to shakeout, the portable hood is 
manually rolled on dual track until opposite one of the 
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roller conveyor lines. Molds are dumped on shakeout grid. 
Sand falls through onto shakeout belt which hood strad- 
dles. Sand travels away on belt; helper hangs castings on 
overhead chain conveyor; and dust travels up through 
hood, out into exhaust system. 


. . « The Markey Bronze Bushing Co., Delta, Ohio, 
uses a Hough Payloader tractor shovel to move 18 tons 
of molding sand during an 8-hr day from storage to con- 
veyors and hoppers for eight molding stations. Tractor 
also handles about four tons of cast bronze bushings and 
bearings per day, transports machinery and helps with 
general plant maintenance. 
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- + « Hamilton Foundry, Inc., Hamilton, Ohio, 
stretches their flasks when they find out they're not deep 
enough for that new job. Instead of buying new flasks 
they solve the problem by bolting strips of wood to 
flanges around edge of flask. Picture shows a mold set-up 
with several inches of flask depth gained from wood strips 
on top and bottom of cope and about four inches added 
to bottom of drag. Jobbing foundries have to be ingenious 
with economies like this to stay competitive on small 
orders. 


. » « Minneapolis Electric Steel 
Castings Co., Minneapolis, unloads 
bulk sand from boxcars. Scoop is 
guided by man but power is supplied 
via a steel cable and pulley attached 
to a power supply such as a winch or 
power take-off. Sand spills out door 
into tote box which is carried away 
by truck. 








. - » Albion Malleable tron Co., 
Albion, Mich., has engineered and 
produced the nation’s first artillery 
projectiles from malleable iron. Pic- 
ture shows automated shell core ma- 


" *. 

/ re DI chine producing 81 mm cores... . 
yy 1) control panel on left . . . gas heated 
rr He \ core box in center . . . finished cores 
J ’ i on right. Frank B. Rote, Technical 
~ Director of Albion, is shown examin- 
as ing an assembled 81 mm shell. Pro- 
duction includes anti-personnel shells 
for mortars and howitzers and compo- 
nents for atomic weapons and small 

missiles. 


- « « The National Supply Co., .. - Haynes Stellite Co., New York, 


Torrance, Calif., uses a mobile ultra- 
sonic reflectoscope to inspect large 
castings in the yard. Equipment is 
mounted on a motor scooter so it can 
be brought quickly to the castings. 
Saves time and wear on heavy duty 
moving equipment. 


mass produces de-icer vanes for an 
air duct system. Vanes are invest- 
ment cast with several transverse 
channels that lead back to the trail- 
ing edge. Heated air at 600 F keeps 
ice from forming around the first 
stage of a compressor. 


- « « Mackintosh-Hemphill Div., 

E. W. Bliss Co., Midland, Pa., sets 

size records for cast rolling mill rolls. 

This 110,000-Ib. alloy steel back-up PR 
roll will be used on a 130-in. plate 

mill by Armco Steel Corp. 
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Méchanization 


With labor costs rising every year our high labor 

content foundry industry can only hold costs down 
and production up by resorting to more mechaniza- 
tion. And materials handling is an area where mech- 
anization is needed most. Somehow we must get our 
industry out of the sand and up on wheels. 

Along with modern materials handling, mainte- 
nance must go hand-in-hand. In the good old days 
of wheelbarrow and shovel, breakdowns were virtual 
nonexistent. Today’s story is quite different; materials- 
handling equipment plus preventive maintenance is 
the lifeline of any foundry. Production scheduling 
and ability to produce depend on the condition of 
machines and ability to avoid down time. 

At the Granite City plant of General Steel Castings 
Corp. we feel that mechanization and maintenance 
must work together. Every effort is made to keep 
these two elements in balance when improvements 
and additions are made in the foundry. 

Here are six case-history examples which dem- 
onstrate materials handling and maintenance improve- 
ments made at the Granite City Plant in the past 
few years. 


Modernize with pneumatic handling additives 


A system for pneumatic handling of silica flour, 
bentonite and corn flour from railroad cars to silo 
storage and then to sand mills is an integral part of 
our materials handling facliities. These sand additives 


. . « Outside silo tanks. 
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Fig. 2 . . . Tunnel houses pumps. 


by Vernon E. Licu 
General Steel Castings Corp. 
Granite City, Ill. 


were formerly packaged in bags and shipped in box 
cars. The cars were unloaded by a crew of men using 
a hoist, several dollies plus plenty of lifting and resting. 
The cost of unloading a ton of silica flour was $3.10, 
bentonite $4.08 and cereal $4.68. After installation of 
the new system, unloading costs were reduced to 
$0.35 per ton for silica flour, $0.36 for bentonite and 
$1.10 for corn flour. An additional saving of $2.75 to 
$4.40 per ton was made through bulk purchases, 
eliminating the bagging charges. Total savings are 
calculated to be $350 to $400 per carload. 

Our outside silo storage tanks are shown in Fig. 
1. Each tank holds approximately two carloads and 
is connected to the pumps in such a way that the 
materials cannot be mixed. Running transversely to 
the railroad tracks and under the center row of 
bins, a tunnel houses two pumps as shown in Fig. 
2 and 3. 

The pump is mounted on wheels and can be con- 
nected to any one of five stations. So it can be used 
to unload cars and blow to storage or remove from 
storage and blow to the sand mills. The material 
flows by gravity from the large overhead silos into 
the pumps. Pump uses a 60-hp motor and 20-psi air 
pressure to compact the material and force it into an 
air chamber where it is aerated and blown through 
a 6-in. or 4-in. pipe to its destination. 

At the sand mills the material is blown into a bin 
and the air is removed through a bag-type dust 
collector. Switch valves are provided so that any 


Fig. 3 . . . Pump blows additives. 
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Fig. 4. . . Core sand pneumatically 
conveyed from sand mills to core- 
room over this path. 


number of bins can be serviced. Each airtight bin 
has a high-low bin signal to indicate the level. 

Bag disposal, easy one-man unloading, no bagging 
charge, outside storage, all add up to advantages of 
bulk handling sand additives in this manner. 


Modernize. . . with pneumatic sand conveying 

You are all familiar with the standard methods of 
moving sand—belt conveyors, pan conveyors, eleva- 
tors, vibrators and others. The installation of such 
equipment, if incorporated in the original foundry de- 
sign, presents a problem which can easily be met 
by spacing sand-using and handling equipment prop- 
erly and designing buildings to suit. 

When it becomes necessary to install belts, eleva- 
tors and other equipment in existing buildings with 
overhead cranes and other large space-using facilities, 
the problem quickly changes. Major structural chang- 
es might be necessary if the conveyor is to go over- 
head or expensive tunnels might be installed in order 
to place the conveyor under the floor. Usually such 
installations must be made with no, or at least a 
minimum of, interference with plant operations. 


Fig. 6 . . . Boosters aid sand flow. 


Fig. 7 . . . Switches control delivery. 
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SAND DISCHARGE 


Fig. 5 . . . In the transporter sand 
is given whirling action by air and 
fed into pipe at bottom. 


Even after a conveyor system is installed and oper- 
ating, it is at the very best a rigid installation. Even 
minor changes in direction or rerouting material flow 
can require costly alterations. 

In recent years, pneumatic systems have been de- 
veloped to handle material through a pipe. Much has 
been done to handle dry, fluffy material that can be 
mixed with air and handled as a liquid; but molding 
sand, mixed and ready for a mold or core, has long 
presented a tough delivery problem. 

A pneumatic system has now been developed to 
transport tempered mold and core sand through a 
pipe. The sand is introduced into the pipe by a 
whirling action within a transporter. 

Further whirl is imparted by air jets spaced about 
100 ft apart in the pipe. 

In 1957 the Granite City Plant installed a pneu- 
matic batch-type conveyor handling 40 cu ft, or two 
tons per batch. 

Besides the 40-cu ft transporter, the installation uses 
140 ft of 4-in. underground pipe, 350 ft of overhead 
pipe, two switches and three receivers as shown 
schematically in Fig. 4. This system conveys core 
sand from the sand mills to two hoppers in the core- 


Fig. 8 . . . Pipe bends are reinforced. 
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Fig. 9... Big 
savings come 
from handling 
bricks in pallets. 


room that feed six core blowers. 

The length of time to blow a batch from the trans- 
porter to the hoppers at the core blowers varies from 
two to three minutes. Air is used at the rate of 1 cu 
ft of free air for 5 lb of material conveyed. Approxi- 
mately 30 to 40 tons of sand can be moved per hour. 

The operation of the system is completely push- 
button by a sand-mill operator. The batch of sand is 
gravity fed through an open door in the top of the 
transporter. A button is pushed by the mill operator; 
the transporter door closes and in so doing actuates 
a limit switch to open a solenoid valve to introduce 
air to the transporter and conveyor line. 

In the transporter, shown schematically in Fig. 5, 
the sand is given a whirling action by the air and 
fed into the 4-in. pipe at the bottom of the transpor- 
ter. Within the pipe at strategic locations the sand 
is kept in whirling motion by additional air intro- 
duced by “boosters,” Fig. 6. 

The sand is discharged from the pipe into a circu- 
lar receiver located over a hopper. Sand falls to the 
bottom of hopper and air escapes through the open- 
ing vents in the top. 

Bin signals at the core blower location indicate on 
the control panel the need for sand. The mill opera- 
tor, by use of buttons, Fig. 7, sets the switches to 
convey the sand to the proper hopper. 

Maintenance requirements have been small con- 
sidering the amount of sand put through the system. 
The pipe bends near the end of the system receive 
the most wear. Shown in Fig. 8 is a specially designed 
reinforced bend which gives satisfactory service. 

Depending on the type of sand conveyed, some 
kind of cleaning must be done to the pipe. A release 
agent, soapy water or chains may be used. Chains 
blown through the pipes do a good cleaning job and 
minimize plug-ups. 


Mechanize .. . with lift trucks 


In any foundry, handling materials can be a sub- 
stantial part of the casting cost. Mechanical aids pur- 
chased for materials handling is capital well invested 
for cost improvement. 


Fig. 10 . . . Truck moves concrete. 


Se 
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Fig. 11 . . . Portable truck ramp. 


In the lift-truck field, tremendous advances have 
been made in the last ten years. One can buy at- 
tachments to fit a lift truck to handle almost any 
material or package—from plowing snow to unloading 
a gondola car. 

General Steel tries to purchase everything pallet- 
ized. Ferro-chrome, welding rod or brick, all are 
palletized for low-cost handling. In 1950 open-hearth 
brick of many sizes and shapes arrived packed loose 
in a box car. A crew of ten men unloaded the car 
and stacked the brick in various storages for an aver- 
age of $21.00 per 1000. Today, with the use of a two- 
ton lift truck and an elevator which connects our 
charging floor storage and the checker floor storage, 
bricks are unloaded for $0.70 per 1000, for a savings 
of $200 per car. This savings will be doubled by the 
time the bricks get to the job as shown in Fig. 9. 

In Fig. 10 a lift truck is shown with a hopper box 
and a front discharge gate for pouring concrete. Prior 
to this innovation, concrete was handled by wheel- 
barrows. Six to twelve men with wheelbarrows were 
required, depending on the distance involved. Today 
two lift trucks can be equipped with one-half yard 
boxes and can easily keep two ready-mix trucks go- 
ing without wasting time. 

Many times it is necessary to unload a box car 
where dock facilities are not available. A lift truck 
is shown in Fig. 11 entering a car using a portable 
magnesium ramp. Ramp is easily towed from car to 
car and can hold a loaded two-ton truck. 

For transportation of cores, lift trucks are modified 
as shown in Fig. 12. You will note that the usual lift 
forks are removed, the counterweight radiator guard 
has been placed in the front, and a small 12-in. lift 
platform has been placed in the rear. This lift plat- 
form enables the operator to pick up the front of 
the core carrying trucks for easy towing on the two 
rear wheels. In coremaking operation, 900 core carry- 
ing trucks and six lift trucks are used for handling. 


Mechanize .. 


Our metalcasting work requires large flasks and 
cores, so power must be applied to conveyors. 

In Fig. 13 you see a 42x96-in. flask having a weight 
of 6000 Ib when loaded with sand. The flask has 
1-in.xl-in. steel runners welded to the grid bottom to 
provide a suitable surface for contacting the rollers 
on which it travels from roll-over unit to finishing sta- 
tion. A specially designed hook has one end placed 
over the flask trunnion and the other attached to a 
chain link drive. Movement of the flask is then con- 


. with power conveying 


Fig. 12. . . Lift truck pulls cores. 





Fig. 13 . . . Powered flask mover. 


trolled by push button. Usually, after the hookup is 
made, the finisher performs his work as the flask 
moves along the conveyor. When the flask hits the 
end limit switch, the drag chain stops and the flask 
is ready to be lifted to the closing floor (Fig. 14). 

The drag chain in all installations has a secondary 
purpose in dragging back the refuse and spillage 
sand on the return flight. Return flight is located 
in a sloped recess so that spillage and sweepings will 
automatically be returned to sand system (Fig. 14). 
Thus the chain conveys the flask and cleans the floor 
in one operation. 

To make the small molding floor independent of 
the overhead crane, special hoists and man-saver 
grabs were installed on monorails to place flasks and 
change patterns. The grab is shown in Fig. 15. This 
grab is controlled by two sets of cables on a common 
drum and therefore will not rotate or tip; the flask 
will always stay level regardless of where it has been 
clamped. It’s easy for one man to pick up a flask from 
storage pile and place it over a pattern for slinging. 
The grab itself is power operated in opening and 
closing under the upper flange of the flasks. A six- 
button pendant permits the operator to open or close 
the grab arms, raise or lower the grab and move the 
hoist back and forth. 


Maintenance. . . of rubber conveyor belts 
At the Granite City plant of General Steel Cast- 
ings Corp. there are 50 different conveyor belts 
with 12,000 ft of belting, ranging from 18 in. to 42 
in. wide. The sand system is in the center of our 
1975-ft long foundry. All molding and some core sand 
travel on rubber conveyor belts. Likewise, the major- 
ity of the refuse sand returns to the central system 
on rubber belts. With this amount of conveyor equip- 
ment, it behooves us to carefully follow a consistent 
program of proper design and maintenance. 
Present-day belt costs range from $5.00 per ft for 
18 in., to $13.00 per ft for 40-in. belt. On one of 
the longer conveyors, it takes just four minutes to 


Fig. 16 . . . Stripping belt fabric. 
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14... Limit switch stops flask. 


Fig. 17 . . . Each ply is stripped. 


Fig. 15 . . . Grabs keep flask level. 


completely rip a $10,000 belt! So everything possible 
must be done to prevent accidents. Foundry conveyor 
belts have the habit of tearing and ripping rather 
than actually wearing out. However, if you provide 
the proper structural design, furnish the correct type 
of belt, and vulcanize the splice, the yearly mainte- 
nance costs can be held to a minimum. 

The type of belt used wherever possible is 5-ply 
with 1/4-in. rubber top, 1/8-in. bottom, and cross 
wires inserted every 36 in. This type belt should be 
used where there is a possibility of a rod or riser 
ripping the belt. If some metal object should pierce 
the belt and start a rip, the cut would progress only 
36 in. Then the cross wires would eject the object 
or stall the belt if the object remained in place. This 
belt type with cross wires sacrifices three to six feet 
of belt but saves the remaining 500 to 1000 ft. 

The vulcanized splice is the next step in conveyor- 
belt improvement. Vulcanizing will make the belt 
endless and provide a smooth surface for strike-offs 
and scrapers to slide over. Most of our tears in the 
past resulted from loose clamps or splice fasteners 
which pulled out and started a longitudinal rip in 
the belt. To guard belts for long life, all splices, 
small holes and tears must be vulcanized. Prior to 
vulcanizing, our long belts had as many as four or five 
mechanical splices with short pieces of belting 
“jumped in” to repair rips. These mechanical splices 
presented ideal locations for foreign objects to catch 
and damage the belt. Also the clamps were subject 
to leakage of fine material as they rattled over the 
idlers and pulleys. Vulcanizing has eliminated this 
situation. 

Vulcanizing is a simple procedure, once your per- 
sonnel are trained. Our maintenance men were trained 
by a service man hired from the local belt distribu- 
tor. Since then we have made approximately 75 vul- 
canized splices and numerous hole repairs without a 
single failure. 

Figures 16-19 show workmen splicing two short 
pieces of belt together. Normally this job would be 
done on some walkway or down in a tunnel but for 


Fig. 18 . . . Ends are spliced. 
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Fig. 19 . . . Splice is vulcanized. 


this demonstration the work was done in the store- 
room. 

The first step in vulcanizing is to lay out the pattern 
of the splice using a “T” square and rule for accuracy. 
After cutting through the first ply, the fabric is 
stripped back as shown in Fig. 16. Then each ply is 
cut and stripped until the pattern looks like Fig. 17. 
The ply fabric is scraped and severly wire-brushed 
to insure proper adhesion of the fibers with the vul- 
canizing rubber. 

The opposite side of the other end of the belt is 
likewise processed in the same manner. When the 
ends are brought together, they fit perfectly into a 
diamond-shaped stepped splice as shown in Fig. 18. 
The ends are carefully matched and the two separ- 
ate ends clamped to the large cutting boards. Splice 
lap is double checked to see that each step sets flat. 
Both top and bottom splices are coated with vulcan- 
izing gum rubber and at the right moment pressed 
together. The splice is then ready for the application 
of pressure and heat by the vulcanizer (Fig. 19). 
The vulcanizer pads cover about 12 in. of belt so at 
least five heats must be made on a 30-in. belt. This 
type splice takes approximately five extra feet of belt 
for a 30-in. wide conveyor. 

Vulcanized splices, together with cross-wire belting, 
keep our belting running longer with a minimum of 
maintenance. 


Maintenance . . . for good housekeeping 


Our plant is well known for its good housekeeping 
—each day the foundry floor is swept and refuse sys- 
tematically collected. Two pieces of equipment, a 
self-propelled vacuum sweeper and a special dump 
truck handle the job. 

We are now using our sixth floor sweeper, shown 
in Fig. 20. Foundry and coreroom can be kept looking 
neat and clean by running the sweeper eight hours 
per day. Sweeper is gas-powered, has a 42-in. brush, 
and will collect and carry approximately 200 Ib of 


Fig. 21 . . . Toting refuse box. 
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Fig. 22 . . . Dumping refuse box. 


Fig. 20 . . . Floors are kept clean. 


refuse on each trip. It can run over a refuse box 
and the collected refuse hydraulically discharged. 

A dust collector is an integral part of the sweeper. 
About ten years ago, five or six men with push brooms 
did the cleanup job. Now one man with a power 
sweeper can do the work better. 

For collecting refuse, the tote and dump equipment 
shown in Fig. 21 is used. The same special container 
is used for collecting the refuse and hauling it to the 
dump. The old method of collecting scrap and debris 
required three dump trucks with two men on each 
truck. The new tote-dump system has replaced two 
of these trucks and covers much more of the plant 
than the dump trucks. 

There are 38 containers throughout the plant for 
collecting rubbish, scrap lumber, punchings, sweep- 
ings, foundry scrap, etc. Figure 21 shows our most 
popular container on the truck in transporting posi- 
tion. The dump unit is located on a 2-1/2-ton truck. 
It is controlled by three hydraulic levers located in 
the cab. The unit can lift the box from the ground, 
place it in transporting position, then dump the con- 
tainer and return it to the regular location. 

The lifting power gives it a maximum lifting capac- 
ity of 7500 Ib. The containers vary from 1-1/2 to 12 
cubic yards, depending on the type of refuse to be 
handled—paper or scrap, etc. The windproof store- 
room container for loose paper can be seen in Fig. 23 
on the truck, in dumping position. 

This debris-handling method permits one-time load- 
ing and eliminates rehandling. Instead of accumulat- 
ing refuse on the floor in piles, which is unsightly 
and requires additional manpower to clean up, neat- 
looking containers are located at the source for direct 
loading. 


@ These are but a few of the many case-history ex- 
amples of how better foundry operations have de- 
pended on modernization, mechanization and main- 
tenance. ® # ® 


Fig. 23 . . . Special box with lid. 
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GREEN 
SAND 
PRINCIPLES 
a 


CONTROLLING 
QUALITY 


Knowledge and thorough application of the prin- 

ciples governing the properties and behavior of 
green molding sand are needed to control casting 
quality. The principles discussed in this exchange 
paper refer entirely to synthetic molding sands used 
in iron foundries. Their application to non-ferrous 
and steel foundry sands will be mentioned where 
applicable. The information presented is taken main- 
ly from researches and foundry experiences of the 
authors, both published and unpublished. 

A synthetic green molding sand should be viewed 
as an aggregate composed of silica particles, clay, 
water and special additives. The bulk of the aggre- 
gate is supplied by the silica particles in the base sand. 

The base sand may be a clay-free, washed, white 
silica sand or a less pure, tan-colored sand containing 
some small percentage of clay. Aside from consider- 
ations of purity and clay content, the average fine- 
ness number and particle size distribution are most 
important. To illustrate, consider the sieve analysis 
of a typical silica sand reported in Fig. 1 (according 
to the standard methods of sieve analysis of the AFS)!. 


Fig. 1. . . The sieve analyses of a base sand may be 
plotted as per cent retained on each sieve or cumula- 
tive per cent retained on successive sieves. 
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The average fineness number, calculated from the 
sieve analysis, is in this case 64.6. The sieve analysis 
is graphically presented either as the percentage re- 
tained on each sieve or as cumulative percentage 
retained on successive sieves ( Fig. 1). 

Bulk, Coarse and Fine Fractions 

Three major fractions of the sieve analysis are 
identified as: the bulk, the coarse and the fine frac- 
tions. The bulk fraction is that percentage of sand 
grains represented by the middle portion of the 
curves, Fig. 1. The sand may be defined by the num- 
ber of screens over which the bulk fraction is spread 
as a 2, 3, 4, 5, etc. screen sand (or a 2, 3, 4, 5, etc. 
sieve sand). A screen fraction is arbitrarily defined 
as one with more than 10 per cent retained on that 
screen. Thus, a four screen saud is one where the 
bulk of the sand is retained on four adjacent screens 
with each retaining more than 10 per cent. The sieve 
analysis in Fig. 1 is an example of a four-screen sand. 
The bulk fraction provides the bulk of the molding 
sand and normally comprises more than 80 per cent 
of the aggregate by weight. The number of screens 
over which the bulk fraction is spread may vary in 
different sands. Present experience favors the four- 
screen type of distribution for synthetic molding 
sands?. 

Optimum sieve analysis may be achieved by min- 
ing and blending sands from the same pit to the 
desired distribution or by blending sands from dif- 
ferent pits. For example, Table 1 lists screen analy- 


TABLE 1—SIEVE ANALYSIS OF TYPICAL LAKE AND BANK SANDS* 
AND A BLEND OF BOTH 








U. S. Sieve Percent Retained 


60% Lake 


Lake Sand Bank Sand 40% Bank 





* These ore sands which are mined mainly in the Great Lakes 
region of the U.S.A. 


April 1960 + 4] 





sis for a three-screen AFS No. 56 Lake sand and an 
AFS No. 88.1 four-screen bank sand. Also shown is 
a 60/40 blend to achieve an AFS No. 68.7 four- 
screen distribution. While three-, five- and six-screen 
bulk fraction sands can be used, the four-screen 
type seems to be most versatile over a wide range 
of conditions. 

The coarse fraction of the sieve analysis comprises 
the total percentage of sand grains retained on the 
screens coarser than those of the bulk fraction and in 
amounts less than 10 per cent. The total coarse frac- 
tion must be limited in amount, usually to less than 
four per cent for a four-screen sand. This limitation is 
necessary since an excess of coarse particles contrib- 
utes to poor casting surface finish. Also, coarse par- 
ticles are easily dislodged from the mold cavity sur- 
face and become dirt in the casting. In the case of a 
typical 60-70 AFS sand of the four-screen type, the 
coarse fraction occurs on the No. 40 or coarser sieve 
and must be limited to less than 4 per cent. In a 
finer sand, the coarse fraction might remain on the 
No. 50 or 70 screens. 

The fine fraction of the sieve analysis includes the 
total percentage of sand grains retained on screens 
finer than those of the bulk fraction and in amounts 
of less than 10 per cent. The total fine fraction must 
also be limited in amount, usually to less than about 
5 per cent for a sand of the four-screen type. This 
limitation is necessary since an excess of fine particles 
causes balling to occur during mulling. When water 
is added, the fines and clay agglomerate to form 
balls during 1nulling. This balling prevents the clay 
from being thoroughly disseminated throughout the 
mass. Furthermore, the balls containing about 15 per 
cent water are potential sources of pinholes or other 
gas defects. While the percentage of fines must be 
limited to a maximum percentage, a minimum per- 
centage is also desired. 

The proper percentage of fines is required during 
mulling to form agglomerates which contain a uni- 
form distribution of sand particle sizes, clay, water 
and special additives. Two to three per cent of total 
fines on the No. 200, 270 and pan are a required 
minimum for this purpose for a typical four-screen 60- 
70 AFS sand. In the absence of the fines, clay balling 
can also occur. The ability to properly mull the sand 
and disseminate the ingredients requires this proper 
balance of coarse, bulk, and fine sand particles in 
the base sand. 


Clay-sand-water Proportions 

Proportions of clay, sand and water in the aggre- 
gate largely determine the properties which can be 
developed by green molding sands. 
Clay: Green sands may be considered as clay-saturat- 
ed or unsaturated aggregates according to the clay 
percentage present. A clay-saturated green sand is 
defined as one containing enough clay so that any 
further increase in clay content will not cause an 
increase in maximum green compressive strength of 
the aggregate. This definition is portrayed graphically 
in the schematic diagram of Fig. 2 from data of ref- 
erence 3. The abscissa in Fig. 2 refers to the per cent 
of clay in the clay-sand mixture on the dry basis. The 
ordinate refers to the maximum green compressive 
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strength developed when increasing percentages of 
water are added to the dry mixture. The moisture 
percentage which develops maximum green compres- 
sive strength can be calculated by a method de- 
scribed in a later section. 

Figure 2 demonstrates that a clay-saturated sand 
has about the same compressive strength as the clay 
by itself, i.e. the mixture is fully bonded. The shaded 
area on Fig. 2 is the variation in maximum strength 
of the clay-sand mixture due to clay purity and source 
and sieve analysis of the base sand. 

The specific percentage of clay required for satura- 
tion depends on purity and type of clay, base sand 
and additives. However, in most cases about 8 to 12 
per cent of bentonites (either sodium or calcium 
bentonites) or about 20 to 25 per cent fire clay is 
sufficient to produce a clay saturated mixture. Below 
the saturation percentage, increasing clay content pro- 
duces an increase in green strength properties.*: +>: 
At and above the saturation percentage, green strength 
properties are no longer sensitive to clay content. 
Green properties are of course affected by the mois- 
ture content of the aggregate. The foregoing discus- 
sion refers to mixtures containing sufficient water to 
develop maximum strength. The effect of moisture 
percentage variation will be considered later. 

With reference to clay content there are three ma- 
jor types of synthetic sand practices. First, the clay- 
saturated sands may be considered. These mixtures 
contain a percentage of bentonite type clay corre- 
sponding to the saturation point, ie. 8-12 per cent’. 
By AFS clay analysis, the percentage of AFS clay 
will commonly run from 9 to 14 per cent, or true 
clay particles of about 8 to 12 per cent (see reference 
7 for true clay analysis). The clay-saturated type of 
sand is presently widely used in iron foundries and 
in foundries producing the heavier non-ferrous alloys. 
Clay-saturated sands are probably the most versatile 
green sand mixtures for a wide range of casting 


Fig. 2... When a clay-sand mixture becomes saturated 
with bentonite it reaches a maximum green compres- 
sive strength equal to the strength of the clay by itself. 
The spread of data in the shaded area is attributed to 
variations in clay purity and base sand. 





lo-—— CLAY SATURATED BENTON 
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weight and alloy types. Expansion defects, erosion or 
cuts and washes are either eliminated or reduced to a 
negligible percentage attributable to the molding sand 
itself. Since such sands normally have high strength 
(14.0 to 20.0 psi green compressive strength), they 
require adequate ramming to develop their proper- 
ties (preferably over 85 mold hardness ). The require- 
ment of adequate ramming can be a limitation of 
this type of sand if the foundry does not have suit- 
able molding equipment. 

A second type of sand practice involves the use of 
clay in amounts which are slightly but definitely less 
than the saturation percentage. The amounts actu- 
ally carried in sand systems are about 6 to 9 per 
cent AFS clay in bentonite bonded sand or about 
the equivalent amount of 10 to 15 per cent fireclay. 
Such sands are used more for lighter castings where 
expansion defects, erosion or cuts and washes are 
less of a problem. 

A third practice is a low clay content practice in- 
volving about 4 per cent western (sodium) bentonite 
and used primarily by steel foundries. Expansion prob- 
lems are a maximum with this type sand. However, 
because of its low green strength, 6 to 9 psi, and 
high moisture content, it can be readily molded. 

The effects of clay type on the properties of the 
aggregate will not be considered because this subject 
has been covered by other authors. The three ma- 
jor clay types do have well recognized foundry uses. 
Western bentonites are used in sands requiring a high- 
er level of dry compressive strength—in excess of 
80 psi for example. Southern bentonites are used in 
sands where a lower dry compressive strength is 


acceptable—40 to 80 psi for example. Fire clay pro- 
duces moderate dry strength. Maximum dry com- 
pressive strengths, over 200 psi, can be obtained with 
mixtures of fire clay and western bentonite. 


*Synthetic molding sands saturated with fire clay are not commonly used. 
The 20 to 25 per cent fireclay required for. saturation produces a sand of 
low permeability and high moisture requirements. 


Fig. 3 . . . The maximum absorbed moisture content is 
indicated by a peak in green compressive strength. 
Additional “free water” is needed to develop dry com- 
pressive strength and plasticity or deformation. This 
sand contains 8% western bentonite. 
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The moisture required to produce the desired prop- 
erties in a green sand can be calculated according to 
a method described by the authors in reference 8. 
The method is based on first computing the total per- 
centage of water adsorbed by all of the sand ingred- 
ients. The maximum adsorbed moisture content is 
associated with the development of maximum or peak 
green strength properties as illustrated in Fig. 3. Ad- 
ditional water, called “free water,” is required to 
develop dry compressive strength and plasticity or 
deformation®. The method of computing adsorbed 
and “free water” is described in reference 8. 

The final selection of moisture range is exceedingly 
important for proper functioning of the sand and in- 
volves mainly the use of the proper percentage of 
free water in relation to the clay content of the sand. 
There are three important practices followed in using 
this principle. First, in clay-saturated sands about 
10 to 30 per cent free water is used. More than this 
amount causes a serious loss in flowability and ex- 
cessive dry strength resulting in shakeout difficulties. 
Second, in the sands containing slightly less than the 
clay saturation level, about 30 to 50 per cent free 
water is used. 

This practice is especially popular in shops 
using a heap sand where drying out actually reduces 
free moisture to the 10 to 30 per cent free water 
level by the time it is used. Third, the 4 per cent 
western bentonite type sands employ 50 to 100 per 
cent free water in order to enhance dry strength 
and erosion resistance. In addition, the 10 to 15 per 
cent fireclay bonded sands require 50 to 100 per cent 
free water to develop adequate plasticity and dry 
strength. The practices mentioned above are based 
on a sound use of the effects of free water on sand 
properties and are essential in the proper perform- 
ance of molding sands. 

In using the calculation method it should be recog- 
nized that the adsorbed requirements of different 
materials may vary from those cited in reference 8. 
However, the method described has been used by 
the authors with no apparent anomalies discovered 
thus far. 


*® Deformation is measure of plasticity determined by a testing procedure 
described in reference 


... To be continued next month. ... 
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CASTINGS 
CONGRESS 


Preview of 
Metal Castings 
Technology 


Solutions to foundry problems ranging from a theoretical approach to specific advice to foundry 
operators will be presented in a five-day roundup of the latest investigations by more than 100 
authors at the 64th Castings Congress, May 9-13 at Philadelphia. 

Researchers and foundrymen from the United States, Canada and abroad will report their find- 
ings to an international audience covering all levels and facets of the industry. 

To ensure participation by the most foundrymen possible and to cover problems of specific in- 
dustry groups, the technical program has been designed to include technical talks, shop courses, 
symposiums, luncheons and dinners. 

Activities of the Gray Iron Division indicate the scope and manner of division participation. 
Technical sessions for the division start Tuesday with multiple speakers at two afternoon sessions 
and a shop course at night. A third technical session will be held Wednesday afternoon. On Thurs- 
day the division will hold a joint luncheon meeting with the Ductile Iron Division followed by a 


fourth technical session in the afternoon and a second shop course Thursday night. 


One of the best-attended func- 

tions of the Castings Congress is 
the Sand Shop Course, held on 
opening night. New Horizons in 
Sand Practice is the theme of this 
year’s session. Speakers are: 

= C. M. Eberhardt, Central 
Foundry Div., GMC, Danville, IIl., 
will discuss the green sand molding 
of crankshafts, emphasizing close 


tolerances available in green sand. 

® Don’ Rosenblatt, American 
Foundry & Machine Co., Salt Lake 
City, chairman of the AFS Steel 
Division, will discuss the use of 
air-set binders with an explanation 
of their applications. 

®# W. C. Capehart, Plastics Div., 
Monsanto Chemical Co., Spring- 
field, Mass., will speak on the shell 


process and its advantages. 

A question and answer period 
will be conducted after the formal 
presentation with inquiries invited 
from attending foundrymen. 

Co-Chairmen for the meeting 
will be T. W. Seaton, American 
Silica Sand Co., Ottawa, IIl., Sand 
Division Vice-Chairman and Chair- 
man of the division’s sand shop 
course committee; and Larson E. 
Wile, Lynchburg Foundry Co., 
Lynchburg, Va. 


Significant improvements of ten- 
sile and stress-rupture properties in 
copper and copper-base alloys have 
been achieved through dispersion 
hardening. Forming of the disper- 
sion hardened copper alloys is 
achieved by adding molybdenum 
and tungsten carbide as a finely 
divided solid to the copper melt 
prior to solidification. 

Strengthening is achieved with 
relatively small losses in matrix 
physical properties such as thermal 
or electrical conductivity. 

Learn the techniques of this proc- 
ess by attending Formation of Dis- 





persions in Molten Copper by Me- 
chanical Mixing by D. N. Williams, 
J. W. Roberts and R. I. Jaffe. 


Can magnesium castings compete 
with other methods of fabrication 
in the missiles field? It is possible, 
says Walter Gronvold in Short- 
Time Elevated Temperature Prop- 
erties of Premium Quality Mang- 
nesium Castings, through premium 
quality—obtainable by foundry 
technique and control. 

Use of premium quality and the 
new casting alloys will make mag- 
nesium alloys directly competitive 
with aluminum. The author points 
out that the responsibility for mak- 
ing this high quality a reality rests 
with the foundry industry. 

Foundries should recognize the 
quality desired, understand what 
is meant by minimum guaranteed 
properties and then demonstrate 
that it can be done when the new 
casting designs specify this qual- 
ity in the cast part. 

For an analysis of castings and 
missiles, attend this thought-pro- 


voking technical session. 


Fast production of ready-to-use 
bronze alloy test bars through shell 
molding appears to have commer- 
cial possibilities. In addition to the 
saving of machining time and oth- 
er delays and expenses, shell molds 
would also remove the variabilities 
of the mold, reduce inclusion of 
dirt in bars due to crumbling of 
conventional mold walls and allow 
molds to be made well in advance 
of use. 

Results of the investigation made 
by S. Goldspiel, E. W. Chrzan and 
M. L. Foster, New York Naval 
Shipyard, Brooklyn, are contained 
in Shell-Molded Test Bars for Tin 
Bronze Casting Alloys. Attend this 
technical session to learn of: the 
correlation of properties obtained 
with shell compared to core mold- 


ed bars; the relationship between 
temperature of pouring and tensile 
properties; and determination of 
the effects of such factors as tem- 
perature of pour, mold materials, 
alloy and pattern on the equiva- 
lency of results. 

High strengths and unusually 
high elongation under almost all 
casting conditions were imparted 
to aluminum alloy A-356 with the 
aplication of ultra high pressures 
during solidification. 

High pressures refined the grain 
size and the eutectic silicon size, 
increased the silicon concentration 
of the eutectic and decreased the 
amount of eutectic present regard- 
less of the casting variable used. 


Continued on page 146 


TENTATIVE SCHEDULE OF TECHNICAL SESSIONS 
64th AFS CASTINGS CONGRESS & FOUNDRY EXPOSITION — May 9-13 





TIME MONDAY 


TUESDAY WEDNESDAY 


THURSDAY FRIDAY 





7:30 am Authors Breakfast 


Authors Breakfast Authors Breakfast 


Authors Breakfast Authors Breakfast 





9:30 to 
11:30 am 


Light Metals 
Malleable 
Pattern 
Brass & Bronze 


Annual Business 
Meeting & Hoyt 
Lecture 


Brass & Bronze 
Pattern 
Malleable 
SH&AP 
T&RI Trustees 


Sand 
Heat Transfer 
Ductile Iron 
Fundamental 
Papers 


Steel 
Ductile Iron 
Fundamental Papers 
Die Castin 
& Perm. Mold 





Malleable Luncheon 


Luncheon & Meeting 


Brass & Bronze Lunch. Management Lunch. 


Pattern Luncheon 
Board of Directors 


Joint Light Metals 
& Die Casting R.T. 
Luncheon 


Steel Luncheon 
Ductile & G. I. Lunch 
Past Presidents Lunch 





Pattern 
Brass & Bronze 


Steel 
Gray Iron 
Plant & Plant 
Equipment 


Light Metals 
Education 
Ind. Engrg. & Cost 
Gray Iron 


Heat Transfer 


& 

Fund. Papers 
Joint Solidification 
Symposium 
Die —_ & Perm. 
Mold 


Ductile Iron 





Sand 
Brass & Bronze 
Seminar 


Sand 
Light Metals 
Gray Iron 
Malleable 


Ind. Engrg. & Cost 


Sand 
Steel 


Die — & Perm. 
Mold 


Steel 
Gray Iron 
Sand 





Canadian Dinner Annual Banquet 


Sand Dinner 


Alumni Dinner 





Sand Shop Courses 
Mall. Shop Courses 


Mall. Shop Course 
Gray Iron Shop 
Course 


Gray Iron Shop 


Course 
Ductile Iron Shop 
Course 








Two booming years in the foundry industry, calling 
for an average of $18 per ton of capacity, are indicat- 
ed by a national survey just completed for AFS. 

Unparalleled growth in production, matched by 
giant advances in technology, have been forecast for 
this decade. The survey indicates that the first two 
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Sand Preparation 
and Conditioning 


Pattern Shop 
Shell Molding 
Molding and Coremaking 
Casting Machines 
Melting Equipment 
Annealing an 
Materials Handling 
Laboratory and Testing 
CO2 Equipment 
Cleaning and Finishing 
Dies and Die Materials 


Machine Shop 


Safety, Hygiene, 
Air Pollution Control 


























WHERE THE FOUNDRIES SAY THEY 
WILL NEED NEW EQUIPMENT IN 
1960 AND 1961 


the coming BOOM 
in foundry purchases 


years will justify the title “The Soaring 60s.” 

The charts graphically illustrate the indicated pro- 
duction growth, up 15 per cent in 1960 and up 20 
per cent in 1961; the estimated outlays for expansion 
(38% ) and modernization (62%); and a detailing of 
how foundries will spend this money. 

Not included in the graphs is a whopping $6,800,- 
000,000 for materials, supplies and special services. 

Foundries’ huge expenditures on new capital in- 


EXPANSION 
§170,000,000 


FERROUS 


How $509 million in new equipment would 
be used. 
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THE PRODUCTION OUTLOOK 





SOGR,___ Joos epnene tose 
1961 approximately 18,400,000 tons*) 
1960 | {{approximately 19,200,000 tons* | 


*Representing purchases of $6,778,000,000 in materials and supplies 
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Exhibitors 
Product Preview 


vestment have been revealed through a survey for 
the American Foundrymen’s Society. During the next 
two years the average foundry will spend $17.30 per 
ton of capacity in this category—more than half a 
billion dollars for the industry. 

These foundries during this two-year period expect 
casting production to increase 15 per cent in 1960 and 
20 per cent in 1961. 

The foundrymen who will do this purchasing will 
be making their buying plans at the AFS Castings 
Exposition—the only industry-wide and representative 
show to be held during the next two years. Leading 


New Process Produces Pure Nickel Patterns to 
Exact Tolerances from Wood, Metal or Plastics 


A revolutionary method of making metal patterns, 
core boxes and permanent molds will be presented 
for the first time to the general public at the Castings 
Exposition by the Carbonyl Metal Products Div., The 
Budd Co. 

The process produces pure nickel patterns to exact 
tolerances from wood, metal or plastic models. It is 
based on the thermal decomposition of an organic 
compound of nickel. 

Ceramic molds are made from the original model 
and placed in a deposition chamber. As the vapor- 
ized nickel compound contacts the heated mold, 
nickel is deposited at rapid rates to form a nickel 
shell of any desired thickness in an extremely accu- 
rate reproduction of the original model. 

Finished patterns are produced in less time, have 
increased life, no shrinkage or warpage and require 
little if any machining. 


equipment manufacturers and suppliers will be there 
since it will be their only opportunity to personally 
reach 15,000 foundry executives, technical and oper- 
ating men in the short span of one week. 

An indication of the changes within the industry 
is the number of new exhibitors at the Exposition. 
Forty of them will be showing products for the first 
time. More than 200 have previously participated. 

Whether the exhibitors are new or old, the empha- 
sis is on new equipment which will allow foundry- 
men to produce better castings at a lower cost. Typi- 
cal of this new equipment are: 


Pallet Line System of Molding 
Speeds Production with 
Elimination of Lifting or 
Bending by Worker 

Pallet line system of mold han- 
dling with recent automation inno- 
vations cuts materials handling 
costs. Power-operated, fully auto- 
matic pallet car lift section, elimi- 
nates lifting or bending by molder 
to get pallet car from lower return 
run to upper pouring set-out level. 
See the Newago Engineering ex- 
hibit, 


April 1960 + 47 





New Sampling Device Aids in 
Chemical Analysis of Metals 


A sampling device, using center 
cores from solid metal for use in 
chemical analysis, will be exhibited 
at the AFS Foundry Exposition. 
Laboratory Equipment Corp., St. 
Joseph, Mich., manufactures the 
drill-like device, called a trepanning 
tool. It provides a pin sample with 
relatively low surface area to 
weight ratio and practically elim- 
inates graphite loss providing more 
precise carbon determinations. 


Exhibitors’ Product Preview 


Beardsley & Piper will Introduce Foundry-Mite 
Line at AFS Castings Exposition in Philadelphia 


Showplace of the foundry indus- 
try, the AFS Castings Exposition, 
has been selected by Beardsley & 
Piper Div., Pettibone Mulliken 
Corp., for the unveiling of the 
Foundry-Mite line. This supple- 
ments the B&P line usually asso- 
ciated with the manufacture of 
large foundry equipment. 

Included in the equipment are 
bench and floor model Vibra 
Draws, wire straighteners, wire cut- 
ters, electric riddles, jolt-squeeze 
machinery and Screenarators. These 
will be sold through the existing 


B&P sales force plus an extensive 
agency system. The equipment will 
be promoted both individually and 
as a line. 

Says B&P vice-president and gen- 
eral manager C. V. Nass, “While we 
have always sold smaller equip- 
ment, it seems that we are primari- 
ly identified as a manufacturer of 
large equipment. This seems to 
have overshadowed the fact that 
we do produce smaller, but none- 
theless effective machinery that 
does fill a specific need in both 
small and larger foundries.” 


Hydraulically-Operated, Adjustable Speed Shell 
Core Machine Features 1-Minute Production 


Shell cores for ferrous, non-ferrous, shell or perma- 


nent molds may be produced in various lengths in 
less than a minute on the new 400 line of shell core 
machines to be shown by Dependable Shell Core 
Machines, Inc., Portland, Ore. 

The machine with adjustable speed, is hydraulically 
powered for fast, semi-automatic production of the 
largest shell cores. Face plates are wide and “T” 
slotted to allow core boxes to be changed with 
minimum shutdown. Unit uses natural or manufac- 
tured gas heat, applied directly to the core box. 
Hydraulic systems can be located beside or away 
from the machine. See this machine in operation at 
the AFS Exposition, May 9-13. 
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Fully Automated Pouring Device 
Saves Manpower and Metal 
with Elimination of Human 
Element 

Fully automated pouring device 
developed for mechanized, high- 
production shop using either con- 
tinuous car type or indexing type 
mold conveyor, saves manpower 
and metal by eliminating the hu- 
man element. The entire sequence 
of operations is tied-in to the con- 
veyor motion by either a program 
cycler or by direct control elements. 

“Pourmatic” has 350 Ib capacity 
(ferrous) and will fill approximate- 
ly 100 molds hourly. Two pouring 
ladles can be serviced from one 
holding ladle. For additional infor- 
mation see the display at the Cast- 
ings Exposition by International 
Automation Corp., Ann _ Arbor, 
Mich. 


British Moulding Machine Co. 
will Operate Two Automatic 
Molding Machines 


Booth model of operating exhibit 
by British Moulding Machine Co., 
Ltd., Faversham, Kent, England. 
One man will operate two automat- 
ic molding machines producing 
240 parts hourly in 16x16x22-in. 
flasks. Among new and improved 
equipment to be shown will be a 
drag turnover machine and mold 
closing equipment used with the 
automatic molding machines. 


Automatic Aluminum and Brass Castings Machine 
May be Used with Practically All Aluminum Alloys 


Automatic aluminum and brass 
casting machine produces fine- 
grained, close-tolerance castings or 
slugs from metal purchased in its 
least expensive form, pig, ingot or 
scrap. Casts practically all alumi- 
num alloys including pure alumi- 
num and all wrought alloys that 


cannot be die cast. Molds can be 
made to accommodate symmetrical 
or more complex shapes from 1/2 
in. to 6 in. in depth and 3/8 in. and 
up in diameter. Como-Cast Corp., 
subsidiary of Basic Products Corp., 
will have unit operating mechanic- 
ally at the Castings Exposition. 


Look into Future of Foundry Melting Practices 
will be Feature of Lester B. Knight Exhibit 


A revolution in the steel casting industry, the use 
of the cupola-oxygen conversion technique, reported- 
ly is close to reality. Although no such installation 
exists today in the foundry field, primary steel mills 
use the process for the production of ingots. See the 
Lester B. Knight & Associates booth for a scale mod- 
el showing a proposed melting area in a large steel 


foundry. 
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Exhibitors’ Product Preview 


Claude B. Schneible to Feature 2-Step Method 
for Reducing Cupola Fly Ash To a Minimum 


Reduce cupola fly ash to a minimum with two-step 
approach by Claude B. Schneible Co., Detroit. Step 
No. 1 is the cupola collector consisting of a heavy 
steel shell extending above the top of the cupola, an 
adjustable deflector cone and an entrainment shelf. 
This unit meets code requirements in practically all 
parts of the country. Step No. 2 is the gas scrubber 
which provides the maximum gas scrubbing that is 
_ mechanically possible to obtain and may be adapted 
to Step No. 1 to satisfy future codes. See this and other 
Schneible products at the Castings Exposition. 

















Carver Foundry Products Co. will Exhibit Dry 
Sand Reclaiming Unit Featuring Flexibility 


Dry sand reclaiming unit, said to reclaim 75 per 
cent or more on sand investment at speeds of four tons 
or more per hour, will be exhibited at the Castings 
Congress by Carver Foundry Products, Muscatine, 
Iowa. Unit, designed for flexibility which can be used 
with a vertical bucket or slanting bucket elevator or 
conveyor, consists of a heavy-duty crusher, elevator, 


Continued on page 144 


@ The technical articles appearing in 
this preview section of MODERN CAST- 
INGS are the official 1960 AFS Castings 
Congress papers — the most authorita- 
tive technical information available to 
the metalcasting industry. 

Nearly 100 technical papers are 
scheduled for presentation at the 64th 
Castings Congress of the American 
Foundrymen’s Society at Philadelphia, 
May 9-13, 1960. About 50 papers will 
be pre-printed here prior to the Con- 
gress. 


@ Written discussion of these papers is 
welcomed and will be included in the 
publication of the 1960 bound volume of 
AFS TRANSACTIONS. Discussions should 
be submitted to the Technical Director, 
American Foundrymen’s Society, Golf and 
Wolf Roads, Des Plaines, Ill. 


@ Readers planning to participate in 
oral discussion of these papers during 
the 64th Castings Congress are advised 
to bring them to the technical sessions 
for ready reference. 


NOW AVAILABLE: 


The new case-bound Volume 67, 1959 
AFS TRANSACTIONS. Contains techni- 
cal papers presented at the 1959 AFS 
Castings Congress, discussions of pa- 
pers, Annual Reports, and Minutes of 
Board of Directors Meetings. 808 pp. 
Price: $10.00 (members); $15.00 (non- 
members). Address orders to: Book 
Department, American Foundrymen’s 
Society, Golf and Wolf Roads, Des 
Plaines, Ill. 





SOLIDIFICATION OF METALS 


general principles 


ABSTRACT 


The mechanism and factors influencing the solidifi- 
cation of metals are reviewed based on an analysis of 
the pertinent literature. The underlying phenomena of 
nucleation and growth are first described for the solidi- 
fication of a pure metal and subsequently extended 
to the freezing of single-phase solid solutions and eu- 
tectics. The influence of various characteristics of 
phase diagrams, different rates of solidification and 
crystallographic structures on the solidification process 
are listed. 

The control of the as-cast grain size is covered in 
considerable detail because of its commercial signifi- 
cance. The effect of rapid cooling, mechanical vibra- 
tion and addition of substances for inoculation and 
restriction of growth on grain refinement is reviewed 
and the mechanism of each of these factors analyzed. 
The functioning of several commercial grain controlling 
additions in solid solutions and eutectic alloys is 
described. 


INTRODUCTION 

This has been prepared as the first or introductory 
article in a series to describe the solidification phe- 
nomenon to the foundryman. The factors governing 
solidification and methods of controlling this process 
are of great importance in determining the properties 
of cast metals. Heat treatment can be employed to 
modify the as-cast properties in some respects, but 
many facets of the original cast structure do persist 
and influence the final properties markedly. 

This first report will present our existing state of 
knowledge of solidification on a general and largely 
theoretical basis. As such, this paper is primarily a 
critical review and analysis of the pertinent technical 
literature. 

Systematic solidification studies have been made 
over more than 40 years.! However, the gathering of 
the required data has been delayed by the great ex- 
perimental difficulties encountered in such studies 
primarily due to the relatively rapid rates of reaction 
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and the numerous variables involved during freezing. 

Considerable emphasis has been placed upon stud- 
ies of solidification recently, however, and this interest 
and activity will undoubtedly improve our under- 
standing. Subsequent papers will discuss the solidifi- 
cation process and how control measures can be in- 
stituted for individual types of cast metals. 


THE LIQUID AND SOLID STATES 


Since solidification is a transformation from liquid 
to solid, the nature of the initial state must unques- 
tionably have some bearing on the end product. It is 
therefore appropriate to examine the liquid state 
first. A number of general publications are available 
in which liquid structure and behavior are summa- 
rized.?-6 In general, these treatises analyze the liquid 
state in the light of its intermediate position between 
the gaseous and the solid state. 

Several factors suggest strongly that the liquid has 
greater similarity to the solid than to the gaseous 
state. For instance, the volume change and the heat 
of transformation attending solidification are small 
compared to the corresponding values involved in liq- 
uefaction. This evidence indicates that the liquid 
structure is characterized by a densely packed atomic 
configuration, and that solidification does not neces- 
sitate extensive rearrangement of this configuration. 
X-ray diffraction studies? confirm that the atomic 
arrangement in the liquid (at least close to the melt- 
ing temperature) is not as chaotic as in the gaseous 
state, but that a certain degree of order exists in the 
immediate vicinity of any given atom. However, at 
large distances from a given atom this order is re- 
placed by complete randomness. Consequently, the 
atomic arrangement in the liquid can be considered 
as one which exhibits local or short-range order, but 
long-range disorder. 

However, the short-range order in the liquid is 
transitory in nature, since it only persists for a short 
time in a given small region, disintegrates and forms 
in another area.8 The lower the temperature in the 
liquid, the more stable become the short-range order 


groupings. 
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Fig. la— Energy relationship 
during a phase transformation. 


Most theories designed to describe the properties of 
liquids consider the liquid state as being close to 
the solid, except that more “sites” (identified with 
holes or vacancies) are empty in the liquid phase. 
These theories do account for such properties of met- 
als as fluidity, diffusivity, compressibility and spe- 
cific volume, but none are capable of completely ex- 
plaining all aspects of the melting or freezing process. 

These theories also fail to explain why liquids can 
be undercooled considerably. If “subsize crystals” or 
short-range order groupings do exist in the liquid, it 
would be expected that these would grow as soon as 
the thermodynamic melting temperature is reached 
without appreciable undercooling. This apparent dis- 
crepancy led to the proposition® that the atoms in 
the liquid state assume a configuration which is not 
that of the solid, although coordination number and 
interatomic spacing may be similar. 

It is shown that such a configuration may have a 
lower energy than the one which would more closely 
correspond to the atomic arrangement in the solid. 
This argument, if correct, may be taken as evidence 
that freezing is not merely an extension from short- 
range to long-range order, i.e., it can not simply be re- 
garded as a disorder-order transformation. 


Solid Metal Structure 


The atoms of a solid metal are positioned in a reg- 
ular arrangement, fixed relative to one another in ac- 
cordance with one of several possible crystal struc- 
tures. Minimum energy considerations, primarily 
those involving the electron configuration, govern the 
particular structure which a metal assumes con- 
sistently upon solidification. 


Although the arrangement of atoms is interspersed 
with a large number of lattice imperfections, par- 
ticularly in the vicinity of the melting temperature, 
solid metals at all temperatures exhibit a high degree 
of crystalline regularity, with the distances between 
the atoms fixed by strong interatomic forces. 


Transformations from liquid to solid can then be 
described as changes from a more open structure, in 
which the atoms are loosely held in place in a trans- 
itory arrangement, to a closely packed configuration 
with strong interatomic binding forces and fixed 
atomic sites. The difference in binding energy be- 
tween the two states is released during the transforma- 
tion as latent heat of fusion. 
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Fig. 1b — Advance of the high 
energy interface (c) into the un- 
transformed region (A). 


FREEZING OF A PURE METAL 

The solidification of a pure metal will be reviewed 
first because of the relative simplicity of this change. 
Transformation from one equilibrium state (liquid) 
to other (solid) requires the system to pass through 
intermediate states of higher energy as shown in Fig. 
la. If the entire system transformed simultaneously, 
all of the material involved would be in a state of 
high energy at a given time. 

To minimize the amount of material in this inter- 
mediate high energy state, the system transforms grad- 
ually, i.e., by a nucleation and growth process. Small 
stable regions of the solid phase, called nuclei, are 
formed, being separated from the liquid by a sharp 
boundary (Fig. Ib). It is only the material in this 
boundary which at any time during the transforma- 
tion is in the high energy state. 

Thus, from a kinetic viewpoint, freezing involves 
the formation of small stable solid regions (nuclea- 
tion), and the advancement of the high energy 
boundary into the untransformed liquid phase 
(growth). 


NUCLEATION OF A PURE METAL 


The most difficult stage of the solidification proc- 
ess is the formation of a stable nucleus with its high 
energy boundary. If the work required to form a 
stable nucleus is the same throughout the entire melt, 
a condition of homogeneous nucleation prevails. 
However, if preferred sites exist, where nucleation 
can occur more readily than in others, heterogene- 
ous nucleation is obtained. Homogeneous nucleation 
occurs rarely from a metallic melt because preferred 
sites that facilitate nucleation, such as mold walls or 
foreign particles, nearly always exist. 

The principles underlying nucleation from the 
melt can best be demonstrated by the theory for 
homogeneous nucleation.11-12 According to this the- 
ory, fluctuating clusters of atoms, called embryos, exist 
in the liquid and tend to grow to stable nuclei. In 
order for a cluster of atoms to reach stability, the 
free energy difference between the solid and corre- 
sponding liquid embryo volume must be large enough 
to provide for the high energy interface between em- 
bryo and melt. 


Atom Growth 
For this reason, the embryo must grow to a certain 


critical size, since for a smaller particle the surface-to- 
volume ratio is too high for the above condition to be 











Fig. 2 — Change in free energy during forma- 
tion of a cubical nucleus in a melt. a) Free 
energy change at one given temperature below 





the theoretical melting temperature T,,. b) 
Total free energy change at three different 
temperatures below T,,. 





%y>T>T> Ts 

















met. Once an embryo has reached the stable nucleus 
size, it can grow rapidly with an attendant decrease 
in free energy. 

The prevailing energy relations for nucleation can 
be expressed in the following way: the local free en- 
ergy change resulting from the formation of a solid 
particle of unit volume (AF) is composed of the dif- 
ference in chemical free energy between liquid and 
solid per unit volume (AF,), and of the interfacial 
free energy between the two phases per unit area 
(4 F,,). 

For a cubical embryo of edge length a: 


AF = a®- AF, +6a?>- AF,, (1) 


The positive surface energy term varies with the 
square of the edge length, while the chemical free en- 
ergy term, which is negative below the melting point, 
varies with the cube of the edge length. Therefore, if 
the total change in free energy (AF) is plotted against 
edge length a at a given supercooling temperature, 
a maximum will be observed at a critical edge length 
a*, as shown in Fig. 2a. Up to this length, the embryo 
is unstable, because its growth requires an increase in 
free energy. 


Work of Nucleation 


Nuclei with a> a* are stable since they can grow 
with a decrease in free energy. The maximum free 
energy change that occurs at the critical nucleus size 
is called work of nucleation (A), since it represents 
the magnitude of the energy barrier which has to be 
surmounted before a group of atoms can become a 
stable nucleus. By differentiating equation (1) with 
respect to a, and setting the first derivative equal to 
zero, the work of nucleation becomes: 


A= 32.- AF.,/A F. (2) 


At the equilibrium or thermodynamic melting tem- 
perature (T,,), AF, equals zero, the work of nuclea- 
tion is infinite and a stable nucleus will not form, al- 
though fluctuating clusters of atoms do exist. For this 
reason, the freezing of a metal invariably requires 
undercooling. As the degree of undercooling increases 
both the activation energy A and the critical nucleus 
size a* are reduced, as indicated schematically in 
Fig. 2b. 

Therefore, the rate of nucleation first increases as 
the undercooling increases. However, the formation 


of discrete groupings of atoms in the liquid which 
at a given temperature grow to stable nuclei is as- 
sisted by thermal fluctuations, making the process of 
nucleation a statistical one. As the temperature de- 
creases, the intensity of these fluctuations diminishes, 
the movement of the atom is slowed down and the 
rate of nucleation is eventually reduced, despite a 
continuously decreasing activation energy. 

Thus, with increasing degree of undercooling the 
nucleation rate first increases, attains a maximum and 
decreases at lower temperatures (Fig. 3). The rate of 
nucleation will also vary proportionally with the vol- 
ume of the sample under consideration, and inversely 
proportional with the interfacial energy between liq- 
uid and solid.13 


Heterogeneous Nucleation 


The free energy considerations for homogeneous 
nucleation can readily be extended to heterogeneous 
nucleation occurring on a foreign particle or at the 
mold wall. In this case, allowances are made for the 
surface energy between the foreign particle and the 
liquid (AF,,) and that between the foreign particle 
and the solid (AF,,). For nucleation on a flat-sided 
foreign particle, the static equilibrium relation be- 
tween the three interfacial free energies per unit 
area requires that: 


AF, =AF,, + AF,, + cos ¥ (3) 


The significance of ¥, the contact angle between the 
foreign particle and the parent solid, is shown in 
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Fig. 3— Supercooling effect on rate of nucleation 
(Ty = thermodynamic equilibrium melting tempera- 
ture). 
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FOREIGN PARTICLE 


Fig. 4 — Relationship between interfacial free energies 
and contact angle ©“ for the case of heterogeneous 
nucleation on a flat foreign particle. SL — solid-liquid; 
SP — solid-particle; LP — liquid-particle. 











Fig. 4. Following the method used for homogeneous 
nucleation, the activation energy in the case of het- 
erogeneous nucleation is: 


: [ (2 + cos ¥)(1 — cos W)? | 

39 - 3 

eee AF3, . x (4) 
(AF, 

Comparing equation (4) with (2), it can be seen 
that the activation energy for heterogeneous nuclea- 
tion is never larger than that for homogeneous nucle- 
ation. When W equals 180 degrees (no wetting be- 
tween solid and foreign particle) the activation en- 
ergies of the two cases are the same. Homogeneous 
nucleation is the most unfavorable condition for nu- 
cleation, since it requires the highest activation en- 
ergy, and therefore the largest degree of undercool- 
ing. 

Any foreign particle which wets the parent solid to 
some extent will facilitate nucleation. Since such par- 
ticles are almost always present, this explains why 
heterogeneous nucleation most often prevails in prac- 
tice. The effectiveness of foreign particles in reducing 
undercooling depends upon the value of the contact 
angle w. These principles of heterogeneous nuclea- 
tion are fundamental in controlling inoculation and 
will be discussed in detail in the section on control 
of grain size. 


GROWTH OF CRYSTAL NUCLEI 


As soon as a stable nucleus has been formed in the 
melt, it tends to grow by acquisition of atoms from 
the liquid. If the undercooling of the melt has been 
considerable, growth of the solid crystal will occur 
rapidly. If the undercooling has been sufficient, com- 
plete solidification may occur without any abstraction 
of heat from the system. The heat of fusion in this 
case is dissipated into both the solid and liquid as 
solidification occurs. 

If, on the other hand, the undercooling of the melt 
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has been slight, the heat of fusion rapidly brings the 
melt to the equilibrium melting temperature, and 
growth can only proceed if heat is abstracted from 
the system. This is the condition prevailing in prac- 
tice. The heat in this latter instance is only lost to the 
solid. Accordingly, freezing is effectively a nonequi- 
librium process which occurs over a range of temper- 
atures.1'4 The speed at which a particle grows de- 
pends on the amount of undercooling and on the 
rate at which the latent heat of fusion can be re- 
moved. 15 


Growth Rate 


Since the potential growth rate is orders of magni- 
tude larger than the rate of heat removal based on 
heat conductivity considerations, once the remaining 
melt has been heated to the equilibrium melting tem- 
perature any further growth is entirely dependent 
on heat removal.!® In this latter case, the rate of 
growth depends upon the temperature gradient in 
the solid metal, heat conductivity, specific heat, heat 
of fusion of the metal, as well as on the heat abstrac- 
tion capacity of the mold. 

Figure 5 illustrates the anticipated temperature dis- 
tribution adjacent to the solid-liquid interface for 
the case of limited (a), and for the case of consider- 
able (b), undercooling of the melt. Since in _prac- 
tice continued growth necessitates removal of heat 
and thus a finite temperature gradient, it follows that 
growth of crystals does not occur at random but in an 
opposite direction to that of heat flow from the sys- 
tem. 


Crystallographic Aspects 

In addition to thermal factors, crystallographic as- 
pects must be considered in crystal growth.17 The 
facility with which atoms in the melt can be attached 
to the surface of a growing crystal depends on the ori- 
entation of the latter; in other words, the linear 
velocity with which a crystal plane can propagate 
parallel to itself is governed by the geometry and type 
of bonding prevalent in the atomic arrangement of 
this plane. 

The effect of crystal orientation on the growth rate 
has been illustrated on supercooled selenium inocu- 
lated with selenium seed crystals of different orienta- 
tions.!8 Also, the relationship between growth anisot- 
ropy and atomic bonding has been demonstrated with 
NaCl—crystals. 19 

The role of imperfections, such as screw disloca- 
tions, in permitting indefinite growth of a single 
spiral crystal face without requiring nucleation of 
new planes parallel to existing ones,?° indicates that 
additional atoms tend to be added to a growing par- 


Fig. 5— Temperature distribution ad- 
jacent to the solid-liquid interface.!5 a) 
The bulk of the liquid is at a tempera- 
ture above T,, — thermal conditions con- 
ducive to slow growth. b) The bulk of 
the liquid is at a temperature apprecia- 
bly below T,, — thermal conditions con- 
ductive to rapid growth. 





ticle at locations in which they can be held firmly 
in place by atoms on several sides. 


Importance of Factors 

The importance of thermal and crystallographic 
factors can readily be seen from the appearance of 
normal cast structures such as shown in Fig. 6. Solid- 
ification in a casting starts invariably at the mold 
walls, where a large number of fine crystals of random 
orientation can be nucleated to form the chill zone. 

Because of the anisotropy of the growth rate, those 
crystals whose direction of maximum linear growth is 
parallel (but opposite) to that of heat flow will grow 
faster and crowd out the other crystals of less favor- 
able orientation. A second zone, called columnar zone, 
with a strongly preferred orientation will thus form 
adjacent to the chill layer. The speed of growth of 
the columnar grains in a pure metal will depend on 
the rate at which the heat can be abstracted in the 
case of limited undercooling of the melt. 

Ihe columnar zone usually extends to the center of 
a casting of pure metal, but may, in some cases, be 
followed by another zone of equiaxed, randomly 
oriented grains in the center region of solid solutions. 
It has been shown? that the preferred growth direc- 
tion in the columnar zone of body-center-cubic and 
face-center-cubic metals is the cube axis, while any 
axis in the close-packed plane of hexagonal close- 
packed metals can act as the preferred growth direc- 
t10n. 

The columnar zone may consist of either polyhedral 
crystals or dendrites.14 The occurrence of dendritic 
solidification requires supercooling of the liquid ad- 
jacent to the solid-liquid interface.2! Generally, den- 
dritic solidification will not occur in a pure metal or 
be restricted to only a minor fraction of the thickness 
of the casting!7 because the rate of heat abstraction 
is slower than the speed of dendritic growth. The 
presence of dendrites in the columnar zone of pure 
metals can only be observed if the ingot is dumped 
during the period when this type of solidification is 
in progress. 


SOLIDIFICATION OF ALLOYS 

Three phenomena increase the complexity of the 
solidification process in alloys compared to pure met- 
als. First, more than one solid phase may form from 
a single homogeneous melt; second, the solid phase 
rejected from the melt has a different composition 
than the liquid from which it originates; and third, 
solidification occurs over a range of temperatures 
rather than at a single freezing temperature. The 
freezing of two types of alloy systems will be discussed 
in this paper: a single-phase binary solid solution alloy 
and a two-phase eutectic. It is assumed that complete 
liquid solubility exists in each case. 


SOLID SOLUTIONS 
The solidification of a melt into a single-phase solid 
solution is considered first. Despite the fact that so- 
lidification is a nonequilibrium process, some of the 
aspects of alloy freezing can best be illustrated with 
the help of the equilibrium diagram. In Fig. 7 the 
upper left-hand corner of the common type of equi- 
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Fig. 6 — Appearance of ingot structures a) wholly co- 
lumnar (except for chill zone); b) partially columnar 
and partially equiaxed; c) wholly equiaxed. 


librium diagram for the above alloys is schematically 
drawn. 

In this diagram, as the amount of solute element 
B is increased, the melting point is decreased below 
that of the solvent A. The alloy under consideration 
has an overall composition of C. Under equilibrium 
cooling conditions freezing will start at T, with the 
rejection of solid of composition C,,, and is complete 
at T, with the rejection of a solid of composition C 
from the melt of composition C,,. 

Thus the average composition of the liquid varies 
from C to C,, during solidification, while that of the 
solid changes from C,, to C. The ratio between solute 
concentration in the solid to that in the liquid is 
referred to as distribution coefficient K,. The aver- 
age melting temperature of the untransformed liquid 
decreases along the liquidus line during solidification. 
Under equilibrium conditions, diffusion is allowed to 
occur to such an extent that a homogeneous solid 
phase of composition C is obtained upon complete 
solidification. 


Solidification Zones 

Since freezing within a binary alloy casting proceeds 
over a range of temperatures, three distinct zones gen- 
erally occur across the section while solidification is 
in progress:?2 a completely solid volume adjacent 
to the mold followed by a mushy zone containing 
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Fig. 7 — Left-hand corner of a schematic binary phase 
diagram for the cast of single-phase solidification. 
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Fig. 8 — Freezing rate effect on start and end of solidi- 
fication of a 0.60 per cent carbon cast steel.23 The 
shaded area delineates the time involved during which 
the entire sand casting is mushy. 
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Fig. 9a and 9b — Solute concentration adjacent to an 
advancing solid-liquid interface during alloy solidifica- 
tion. 9a — Addition of solute to lower the liquidus 
(K.<1). 9b — Addition of solute to raise the liquidus 
(K.>1). 9c — Variation in liquidus temperature adja- 
cent to the interface due to solute buildup (holds for 
K.<1 and K.>1). 
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Fig. 10 — Liquidus temperature and possible tempera- 
ture distributions in the liquid as a function of distance 
from the interface during alloy solidification.1® 
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both liquid and solid, and a completely liquid zone 
in the center. 

The width of the mushy zone for any specific alloy 
at a given time will depend primarily upon the rate 
of heat removal from the casting. The influence of 
a chill and sand mold upon the length of the mushy 
zone in a 7 in. square bar casting produced from a 
0.60 per cent C steel is shown in Fig. 8.23 It is noted 
that after 24 to 28 min the mushy zone extends across 
the entire 7 in. section of the sand casting. 

If solidification occurs at so fast a rate that the 
atoms cannot diffuse sufficiently to produce compo- 
sitional equilibrium, a concentration gradient is set 
up in the liquid adjacent to the advancing solid-liq- 
uid interface. This buildup is produced by the local 
enrichment of the liquid melt with B, as is shown in 
either Fig. 9a or 9b, depending on the type of equi- 
librium diagram. 

Since the liquidus temperature varies with compo- 
sition, it will change, adjacent to the solid-liquid in- 
terface, for both cases a and b in the manner shown 
in Fig. 9c. If the slope of this liquidus curve at the 
interface is steeper than the temperature gradient 
in the melt, the liquid metal adjacent to the inter- 
face is said to be constitutionally supercooled.17 


Solute Buildup 

The buildup of solute in the liquid at the interface 
reduces the liquidus temperature of this portion in 
the melt. Since the rate of diffusion to remove this 
high-solute layer is much slower than the rate of heat 
removal, the net result is to decrease the rate of den- 
dritic growth.16 If the temperature gradient in the 
liquid falls to below a certain critical value, columnar 
(usually dendritic) growth can be arrested and re- 
placed by equiaxed grain growth. 

Nucleation of new equiaxed grains requires that a 
critical degree of undercooling (AT,.) be reached. In 
Fig. 10 this stage is assumed to be attained by the 
temperature distribution D. In this case, new grains 
can form in the liquid ahead of the advancing inter- 
face, thereby prohibiting continued advancement of 
the columnar zone. The equiaxed zone will, in turn, 
solidify dendritically until all supercooling has been 
eliminated.17 

In the case of sufficient supercooling, dendritic 
growth of the equiaxed crystals may prevail until the 
end of solidification. As the grains in the equiaxed 
center portion grow radially, a solute concentration 
gradient will also buildup at the interface of each 
grain. As a result, solute is trapped in the grain 
boundaries when freezing is complete. 

The variation in ratio of equiaxed to columnar 
zone length is: 


a) Inversely proportional to the effective superheat. 

b) Inversely proportional to the critical degree of 
supercooling AT,., necessary for nucleation to oc- 
cur at a reasonably high rate. 

c) Proportional to the freezing range. 

d) Inversely proportional to a function of the thermal 
parameters, i.e., the ratio becomes smaller as the 
thermal conductivity decreases because of alloy- 
ing. 16 





This nonequilibrium cooling is also responsible for 
segregation in the solidifying alloy. The buildup of 
the high-solute layer, illustrated in Fig. 9a and 9b, 
usually persists throughout solidification since the 
rate of heat removal is normally much larger than 
the rate of diffusion of the solute in the liquid.16-?4 


Segregation 


The overall segregation is obtained because of the 
higher solute solubility in the liquid, resulting in a 
variation in the solute concentration of the solid crys- 
tals rejected from the liquid throughout the freezing 
range. The extent and distribution of segregation that 
prevails in a casting depends primarily upon the rate 
of solidification. ?5 

First, for very slow (virtually equilibrium) freezing 
conditions of a type practically never encountered in 
commercial castings, sufficient time is allowed for dif- 
fusion of the solute in both the liquid and the solid 
and no segregation results. Intermediate freezing 
rates produce large overall segregation. However, if 
freezing occurs rapidly compared to diffusion in the 
liquid the well-known end-to-end segregation is ob- 
served, characterized by negative segregation near the 
mold wall and positive segregation in the regions 
which solidify last. 

The segregation occurring in the interdendritic 
areas is referred to as microsegregation, and is due to 
the fact that the dendrites protruding into the liquid 
act as barriers against solute diffusion in the liquid. 
The important factors influencing segregation are the 
equilibrium distribution coefficient K, (Fig. 7), the 
freezing rate and the temperature gradient in the 
liquid.?6 


EUTECTICS 


The second type of alloy that will be discussed is a 
binary eutectic in which the components have re- 
stricted solid solubility, as illustrated by the phase 
diagram in Fig. 11. A single temperature exists (called 
eutectic temperature) at which the liquid is simul- 
taneously saturated with both terminal solid solu- 
tions, indicated as a and g. The simultaneous rejec- 
tion of these two solid phases from the melt is referred 
to as eutectic reaction, and is described by the follow- 
ing relationship: 


liquid = @ — solid + 8 — solid 


In binary systems, the eutectic reaction is the only 
type of freezing during which a homogeneous liquid 
decomposes directly into two solid phases. Under slow 
cooling conditions, only alloys having a composition 
lying between a and 6b will undergo the eutectic reac- 
tion. Eutectic freezing is a process involving nuclea- 
tion and growth, and its mechanisms are the same as 
for single phase alloys. 

The solidification process is appreciably influenced, 
however, by the fact that a eutectic involves the freez- 
ing of two separate solid phases. The following discus- 
sion is limited to the description of the solidification 
of only the eutectic composition without reference to 
proeutectic phases. 
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Fig. 11 — Schematic representation of a binary eutectic 
phase diagram. 
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Primary Phase 


The first phase to be nucleated will be that requir- 
ing the least undercooling, which is dependent upon 
the effectiveness of the foreign nuclei in the melt. The 
primary phase, once nucleated, may serve as nuclei for 
the secondary phase, or further undercooling and ac- 
companying alloy segregation may be necessary before 
the second solid phase can form. 


If the primary phase nucleates the secondary phase, 
the resulting eutectic is referred to as normal. If the 
second phase is nucleated independently in the liq- 
uid, the resulting eutectic is called anomalous. The 
two important commercial eutectics, austenite-graph- 
ite and Al-12 per cent Si belong to the group of anom- 
alous eutectics.27,28 In order that the second phase 
may be nucleated independently in the liquid, the in- 
terfacial energy between the a and £-phase must be 
greater than that between the second phase and the 


27 


foreign particle on which it might nucleate.? 

This prerequisite is in line with the principles of 
heterogeneous nucleation outlined earlier. On the 
basis of data collected from a large number of eu- 
tectics, Scheil?8.2% found that anamalous eutectics 
occur only if the ratio of the volume fraction of the 
two phases involved remains below a certain value. 

The primary solid is always present in the larger 
amount, and in most cases envelops the secondary 
solid making the latter a discontinuous phase. More- 
over, the principal constituent of the secondary or dis- 
continuous phase has always an appreciably higher 
melting temperature than that of the primary phase. 

Normal and anomalous eutectics can readily be dis- 
tinguished from one another by metallographic analy- 
sis. In the case of the anomalous mixture, the second 
(and discontinuous phase) is characterized by its ir- 
regular shape and random orientation, while in the 
normal eutectic the second phase possesses a definite 
and simple shape such as rod, sphere or lamella, as 
well as a definite crystallographic orientation.2%.30 
Since the shape of the second phase is also affected 
by the cooling rate, more than one morphology may 
be encountered in a given eutectic. 
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Fig. 12 — Schematic representation of a lamellar eu- 
tectic advancing into the liquid under steady state 
growth conditions. Phase a is the leading phase.*7 


Binary Eutectic 

While many facets of the solidification of an anom- 
alous eutectic are similar to those found in single- 
phase alloys, normal eutectics solidify in a consider- 
ably different manner. These differences arise because 
the two phases in normal eutectics grow as a unit 
and impose restrictions on one another, as will be dis- 
cussed for the lamellar morphology. Figure 12 illus- 
trates a lamellar type A-B binary eutectic growing into 
the liquid. 

As soon as a critical degree of undercooling is 
reached a primary a particle (rich in A) is rejected 
from the liquid. The attendant increase in B at the 
solid-liquid interface supersaturates the liquid with 
respect to this element, eventually forcing the nucle- 
ation of the second phase 8 on the a-particle. The 
formation of alternate layers of a and 8 may occur 
as a result of the overlapping of one phase over the 
edges of the other.27 

This mechanism requires less undercooling than is 
necessary for the separate nucleation of each individ- 
ual phase layer. This continued growth from one nu- 
cleus is analogous to spiral growth with the aid of 
screw dislocations as proposed for pure metals.?° 


Concentration Gradient 


As the two phases grow into the liquid, the con- 
centration gradient ahead of their respective solid- 
liquid interface increases, thereby decreasing the 
growth rate. This slowing down of the growth rate 
is counteracted by diffusion processes in the liquid 
which attenuate the concentration gradient. As soon 
as these two opposing tendencies balance, growth con- 
tinues at a constant rate. 

Since equalization of the concentration gradient oc- 
curs faster ahead of a thin than of a thick section, 
the growth rate would not remain constant if the 
section width should change during freezing. How- 
ever, additional stability for steady state growth is 
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provided by the interfacial energy between the 
phases. This energy increases as the width of the sec- 
tions decreases, which tendency effectively counter- 
acts thinning once steady state growth is attained. 

The role played by the interfacial energy explains 
why the width of the phases is virtually constant 
throughout the entire eutectic mass for a given set 
of cooling conditions. Moreover, the faster the heat 
is abstracted the lower is the temperature at which 
the lamellas grow, and the narrower the resulting 
width of sections of the phases. 

This latter fact is primarily due to the slower rate 
of diffusion for removal of the concentration gradi- 
ent, and to a larger driving force (difference in bulk 
free energy) at lower temperatures which tend to 
shift the steady state growth condition in such a di- 
rection as to facilitate attenuation of the above con 
centration gradient, i.e., toward thinner lamellas. 


The alternate layers of a and 8 grow from a 
single starting point in all directions until another 
group is contacted. Each group is called a grain, cell 
or colony. The direction of growth of eutectics is 
opposite to that of the heat flow, as was described 
for pure metals and single-phase alloys. If the axes 
of the lamellas in a particular grain do not coincide 
with this direction, the respective colony cannot grow 
to any appreciable size, since it is rapidly encroached 
by grains with a more favorable orientation for rapid 
growth. This can lead to conditions, where similar ori- 
entations or columnar structures in neighboring cells 
are observed. 

The solidification of anomalous eutectics lacks the 
uniformity of the normal type, since no regular ori- 
entation exists between the two phases. Both phases 
usually solidify and grow in contact with the melt, 
but exceptions such as found in ductile iron appear 
to exist. While the two phases are interconnected in 
some anomalous eutectics, the minor phase in others 
is completely enveloped by the major phase. 


CONTROL OF GRAIN SIZE 


Since the size of the as-cast grain can exert a marked 
influence on segregation and mechanical properties, 
an effective means of controlling the grain size is of 
considerable importance. It is now possible to refine 
the grain size of aluminum and magnesium casting 
alloys as well as to control the eutectic cell size by 
special treatments. Work with other cast metals is 
presently in progress. 

The refinement of the cast grain size requires that 
solidification start from a large number of locations, 
and that excessive growth of any one grain be avoided. 
This can be achieved in principle with three meth- 
ods under the proper conditions. The success of these 
methods depends on the particular metal involved 
and on the thermal factors. The three methods are: 


1) rapid cooling. 

2) mechanical vibration. 

3) addition of substances for the purpose of inocu- 
lation and restriction in growth rate. 





Rapid Cooling Rate Effect 

A rapid rate of cooling will chill a large portion of 
the solidifying casting to a temperature (below T,,) 
where the rate of nucleation is high (Fig. 3). Conse- 
quently, the number of available nucleation centers 
will be high particularly near the mold wall. The 
width to which one grain may grow before contact- 
ing its neighbors will necessarily be small. In pure 
metals, this rapid cooling tends to produce a finer 
though still columnar structure. 

In alloys, however, continued growth of a crystal 
toward the center is not only dependent upon the rate 
at which the heat of fusion is abstracted, but also 
upon the speed at which the diffusion processes in 
the liquid can attenuate the concentration gradient 
at the solid-liquid interface. As the rate of heat ab- 
straction is increased, this concentration gradient in- 
creases rapidly. 

Consequently, the critical degree of supercooling 
for the onset of equiaxed growth may be reached 
within a shorter distance than is the case for slow 
cooling (if it is reached at all). When equiaxed grains 
do form in the center, these are finer during rapid 
solidification because of the increased fineness of the 
preceding columnar zone. 

While columnar grains may be formed by slow cool- 
ing of alloys under some conditions,*! it is also pos- 
sible to obtain these columnar grains during rapid 
cooling of other alloys.22 This latter condition can 
exist because steep thermal gradients prevent the at- 
tainment of the nucleation temperature ahead of the 
solid-liquid interface, despite an appreciable solute 
build up. 


Equiaxed Crystallization 

The factors governing the extent of equiaxed rela- 
tive to columnar solidification of an alloy have been 
enumerated previously. It has also been found that 
the tendency toward equiaxed crystallization is gov- 
erned in first approximation by the ratio of freezing 
rate to temperature gradient at the solid-liquid inter- 
face, and is a maximum when this ratio reaches its 
peak value. 


Fig. 13 — Pressure changes effect on free 
energy and size of stable nucleus.*® 
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The principal factor determining the magnitude of 
the above ratio is the degree of constitutional super- 
cooling which can be attained. An alloy with a nar- 
row freezing range, therefore, would exhibit a greater 
tendency towards columnar solidification than one 
with a wide freezing range. 

Vibration has also been shown to be an effective 
means of grain refinement, and various mechanisms 
have been offered to explain this phenomenon.*?-4% 
It was proposed initially that grain refinement result- 
ed from the fragmentation of the first crystals solidi- 
fied in the melt, thereby increasing the number of 
stable particles which can act as nucleation centers. 
This proposed mechanism, however, fails to explain 
the coarsening of eutectic constituents when vibrated. 


Pressure and Rarefaction Waves 


A recent hypothesis+?-4% stating that the alternate 
pressure and rarefaction waves increase the centers for 
solidification by changing the stability of the phases 
according to le Chatelier’s principle, offers more 
promise. The influence of the pressure wave in reduc- 
ing the critical nucleus size, and thus increasing the 
number of nuclei is shown schematically in Fig. 13 
for a metal that increases its density upon solidifica- 
tion. 


These considerations hold equally well for a metal 
which expands on freezing, except that in this case 
the rarefaction wave serves to reduce the critical nu- 
cleus size, i.e., curves 2 and $ in Fig. 13 are reversed. 
In order to account for the observed grain refine- 
ment it is necessary, however, that the nuclei formed 
during the pressure (rarefaction) period grow rapid- 
ly enough to remain stable during the rarefaction 
(pressure) period of the vibration, or that a stand- 
ing wave system be established in the melt. 


This latter mechanism is substantiated by the ob- 
servation that metals which exhibit a large change in 
density during solidification can be more grain re- 
fined by vibration than those undergoing a smaller 
density change.43 


In order to obtain grain refinement through vibra- 
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tions, two important conditions must be fulfilled. 
First, the pressure increase must be large enough to 
provide the critical degree of supercooling for effec- 
tive nucleation. Second, the temperature gradient in 
the liquid must be sufficiently shallow so that the nu- 
cleation temperature can be reached in the melt 
ahead of the solid-liquid interface. 


Additions Effect on Grain Refining 


The above two methods of grain refinement have 
the disadvantage of either being applicable to castings 
of limited size or requiring extensive equipment, since 
it is obviously difficult to either chill or vibrate large 
metallic masses. The addition of substances for the 
purpose of grain refinement on the other hand is not 
subject to such limitations. The primary objective of 
this method is again to increase the number of effec- 
tive nucleation centers and thereby produce a smaller 
grain size. 

This purpose is achieved by providing stable nuclei 
and reducing the rate of grain growth while main- 
taining the proper control of thermal conditions. The 
effects of various additions on the as-cast grain size of 
metals and alloys has been widely studied.44-59 These 
additions are best classified according to their pur- 
pose, i.e., whether they furnish stable nuclei (inocula- 
tion) or produce grain growth inhibition. 


Inoculating particles must be solid at the melting 
temperature, and have a similar density as the liquid 
in order to avoid segregation. In addition, a strong ad- 
hesion (compared to cohesion) between the inocu- 
lant and parent solid is desired.46 The important fac- 
tors guaranteeing this strong adhesion are large forces 
acting between the two unlike atoms involved, and a 
minimum strain at the solid metal-particle interface. 


The latter condition is fulfilled if crystallographic 
planes of easy matching are available. The forces be- 
tween the atoms of the parent solid and foreign par- 
ticle on the other hand are primarily determined by 
the electron configuration of the respective atoms. It 
is because of the interference of the chemical proper- 
ties (electron configuration) of the atoms involved 
that particles of similar lattice disregistry with the 
parent solid act differently as inoculants.4® 

Since cases have been reported in which particles of 
considerable lattice disregistry can act as effective nu- 
clei, it is apparently not always necessary that a suit- 
able inoculant have a crystal structure similar to that 
of the solidifying phase, although this has been con- 
sidered a necessary prerequisite for effective inocula- 
tion in the past. Apparently, the importance of the 
crystallographic factor can, in some instances, be over- 
taken by the chemical or electron configurational 
aspects. 69 


Inoculant Formation 


The method used to introduce or form the inocu- 
lant is an important consideration and varies for dif- 
ferent metals. To assure a large number of finely di- 
vided particles with clean and reactive surfaces, it is 
preferable to produce the inoculants by a reaction 
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with constituents of the melt. Inoculants that tend to 
be made ineffecive by reaction with impurities or 
segregations should be added to the melt as late as 
possible and at as low a melt temperature as feasible. 
Other inoculants can be superheated and added to any 
time without reducing their grain refining capabilities. 


The successful introduction of a suitable inoculant 
alone does not guarantee grain refinement, except in 
alloys which already contain a built-in grain growth 
inhibitor or in cases where the temperature is uniform 
throughout the entire melt. The latter condition sel- 
dom if ever prevails in practice; instead, a positive 
temperature gradient exists from the mold wall to the 
center (except at the solid-liquid interface, where the 
heat of fusion is liberated). 

In order for the nuclei in the melt to become effec- 
tive, the nucleation temperature must be reached 
ahead of the solid-liquid interface. Because of the pos- 
itive temperature gradient in the liquid this situation 
can only be realized if the liquidus temperature ad- 
jacent to the interface can be lowered compared to 
that of the bulk liquid. 

Constitutional supercooling offers a means of 
achieving this decrease in the liquidus temperature, 
provided the concentration buildup at the interface 
and the temperature gradient in the liquid are appro- 
priate as shown for curve D in Fig. 10. 

Those conditions which reduce the length of the 
columnar zone and which were discussed previously 
assure a high degree of effectiveness of the added in- 
oculants. Since grain growth control through alloying 
can be achieved with relatively small amounts of ad- 
ditions, one investigator+? has attributed the restric- 
tion of grain growth by some small additions to copper 
as a “screening” action due to adsorption rather than 
constitutional supercooling. 

It must be appreciated that grain refinement is pos- 
sible through the introduction of suitable nuclei, by 
grain growth inhibition or by both means. Whether 
only one or both types of additions are necessary will 
depend upon whether the unmodified alloy does or 
does not already contain either a suitable inoculant 
or grain growth restricting agent. A shallow thermal 
gradient is also a definite aid to refinement, as dem- 
onstrated on work with aluminum.5! 


Peritectic Reaction Effectiveness 

The effectiveness of the peritectic reaction in pro- 
ducing grain refinement has been recognized by a 
number of researchers.46-51 In this reaction, the first 
crystals rejected from the melt are frequently rich in 
solute metal and provide effective nuclei for the suc- 
ceeding low temperature phase. The latter phase is 
formed by interaction of the remaining liquid (usual- 
ly the predominating constituent) and the primary 
crystals. 

This reaction is diffusion controlled, slow and 
therefore acts as a grain growth inhibitor. In this 
manner the formation of a low concentration peritec- 
tic with the parent metal constitutes a separate method 
of grain refinement, since it provides both stable nu- 
clei and grain growth inhibition. For aluminum it has 





been found that a peritectic system4® generally leads 
to grain refinement, while elements that formed a 
eutectic system with aluminum do not grain refine. 

However, the observation that grain refinement in 
peritectic systems is dependent upon overheating is 
not compatible with the interpretation that the peri- 
tectic reaction itself is the important factor. For this 
reason objections to the above interpretation have 
been raised.46.47.54 The difference of opinions which 
still persists on this matter must primarily be at- 
tributed to the difficulty of identifying the grain re- 
fining agents. 

However, irrespective of which interpretation is cor- 
rect the fact remains that alloying additions which 
form a peritectic with the parent metal at low con- 
centrations can be successful in effectively refining 
certain metals. 


Eutectic Grain Size Control 


The control of grain or cell size in eutectics has 
also been investigated. Such additions as graphite, 
ferrosilicon containing aluminum and calcium, cal- 
cium-silicon, sulfur, calcium metal, calcium carbide 
and others®!-64 have been shown to reduce under- 
cooling and refine the cell size of the austenite-graph- 
ite eutectic. This effect has been principally attrib- 
uted to providing effective foreign nuclei for the 
solidification of the graphite phase in this anomalous 
eutectic. 

This is substantiated by the fact that the above in- 
oculants are most effective in the hypoeutectic irons 
and exert little influence on the solidification of the 
eutectic and hypereutectic types. The finer austenite- 
graphite eutectic cell and somewhat coarser graphite 
or secondary phase structure (which accompanies the 
slower solidification of this cell) generally improves 
mechanical properties although it may present other 
problems. 


In contrast, better mechanical properties and 
longer feeding distances result with the aluminum— 
12 per cent silicon eutectic, if this anomalous eutectic 
solidifies from an uninoculated melt. In this condi- 
tion, the formation of the eutectic structure is char- 
acterized by considerable undercooling, large cell size 
and a fine dispersion of the secondary silicon phase 
in the aluminum-rich primary phase. 

This structure is attained by actual removal or poi- 
soning of the potential effective nuclei for eutectic 
solidification. Such poisoning is accomplished by the 
addition of sodium metal or mixtures of sodium and 
potassium halide salts to the molten alloy prior to 
casting. 65 


SUMMARY 


The solidification of molten metals is a_ phase 
change that occurs by a process of nucleation of stable 
crystal particles in the melt and the growth of these 
particles at the expense of the remaining liquid 
metal. Nearly every solidification starts at various 
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preferred sites within the liquid at various degrees of 
undercooling below the melting or liquidus temper- 
ature. The rate of growth of these small crystals de- 
pends on the amount of undercooling before initia- 
tion of nucleation, the rate of heat removal from the 
remaining liquid and on the presence or absence of 
any barriers to rapid growth. 

The basic principles of solidification apply equally 
well to pure metals, single-phase solid solutions and 
eutectics. Pure metals present a condition of least 
interference to growth of existing stable nuclei, and 
therefore usually exhibit a columnar structure to the 
center of the casting. Solid solutions frequently have 
an equiaxed zone, particularly in the more slowly so- 
lidified central portions. 

The tendency toward equiaxed solidification is in- 
creased by a large freezing range (more mushy solid- 
ification) and large compositional variations between 
the liquid and solid phases to produce constitutional 
supercooling. Eutectics have a two-phase structure and 
occur in two varieties: the normal type in which 
one phase can serve as nuclei for the other phase re- 
sulting in a fixed orientation relationship between the 
two phases; and the anomalous type where independ- 
ent nucleation of each phase is necessary and no 
regular orientation exists. 

Since the as-cast grain size exerts a considerable in- 
fluence on the properties of cast alloys, the control of 
this size and distribution is of commercial signifi- 
cance. The refinement of this grain size can be ac- 
complished by rapid cooling, mechanical vibration or 
the introduction of foreign substances or special alloy- 
ing additions to the melt. The selection of suitable ad- 
ditions to the melt depends on the mechanism of the 
refinement. 

Materials added to become effective foreign nuclei 
or inoculants should have an appreciably higher melt- 
ing point than the liquid metal, a similar density and 
permit nucleation with a minimum contact angle be- 
tween the solid metal and inoculant. Additions in- 
tended to restrict grain growth should readily dissolve 
in the melt and provide a maximum solute concen- 
tration in the liquid melt immediately ahead of the 
liquid-solid interface. 

The reduction of the thermal gradient in the liquid 
is desirable in either case because it assists in the nu- 
cleation of new grains within the melt proper. Peritec- 
tic reactions have been shown to provide effective 
grain refinement under appropriate conditions. If 
grain coarsening or undercooling is desirable poison- 
ers can be added to the melt to remove effective for- 
eign nuclei, as was accomplished in the aluminum- 
12 per cent silicon alloy. 
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SOLIDIFICATION OF STEEL CASTINGS 


ABSTRACT 


Contained herein is an up-to-date and extensive re- 
view of all the available literature on the subject of 
solidification of steel castings. The presentation begins 
with a discussion of the mode of solidification as related 
to the iron-carbon phase diagram and the start and 
end of freeze waves, and leads into the effects of such 
factors as mold materials, chills, gravity and convec- 
tion, etc. A discussion of the solidification times for 
steel castings of various shapes follows. 


INTRODUCTION 

Extensive information is now available in the lit- 
erature on the mode of the solidification of steel 
castings. However, this information is not being used 
to its greatest advantage, primarily because it is dis- 
persed throughout the literature under various sub- 
jects, such as risering, chilling, shrinkage, etc. 

This presentation is an attempt to collect and col- 
late all the available literature on the solidification 
of steel castings. Unique aspects and characteristics of 
steel solidification are discussed, followed by com- 
ments concerning the factors affecting the solidifica- 
tion process and solidification times of steel castings. 
No direct mention is made of such related subjects as 
risering or gating of steel castings, or solidification of 
steel in ingot form. 


Crystal Formation and Growth 


The formation and growth of crystals are deter- 
mined by the temperature distribution in the solidi- 
fying casting. The temperature distribution in the 
mold and the casting after a given time is illustrated 
in Fig. 1. This illustration shows that if molten metal 
is poured against a flat mold face heat will flow into 
the mold, and a solid layer of metal will be deposited 
at the mold-metal interface. 

The thickness of this layer will increase with time 
as heat continues to flow outward. The temperature 
of the boundary between liquid and solid metal is, of 
course, the freezing point of the metal, and heat of 
solidification is liberated at this boundary. The rate at 
which the boundary moves is determined by how rap- 
idly the heat of fusion is removed. 

The first stage in the solidification of a casting is 
the formation of a thin chill layer, owing to the low 
temperature of the mold. The chill layer usually pos- 
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sesses a finely grained structure caused by the rapid 
cooling and large number of nuclei which form. The 
chill layer, however, may entirely or partially dis- 
appear when hot steel is used or when the mold is 
heated, reducing the chilling action of the mold. 
Dendrites start to grow from the inner boundary of the 
chill layer toward the thermal center of the mold. 

The resultant crystals will necessarily be elongated 
columnar under usual conditions, for dendritic 
growth is preferential in the direction of the temper- 
ature gradient. Their direction thus indicates the di- 
rection in which a casting solidifies. As the growing 
columnar crystals approach the interior of the cast 
ing, the thermal gradient is diminished by the dis- 
sipation of superheat. This enables other crystals to 
nucleate at random rather than having continued 
growth take place at the tips of the columnar grains. 
This process is illustrated schematically in Fig. 2. 


ol 


Freezing Temperature Range 

Commercial metals, in general, do not freeze at a 
definite, fixed melting point. Rather, they freeze over 
a range of temperatures which can be predicted from 
the phase diagram for the particular metal. Figure 3 
illustrates schematically the relationship between the 
iron-carbon phase diagram and the mode of solidifica- 
tion of a 0.30 per cent carbon steel casting. 

This diagram shows that because of thermal gradi- 
ents which are active in the solidification of a cast- 
ing from a mold wall there may exist: 


1) A completely solid zone. 

2) A zone consisting of solid dendrites with liquid 
metal at the dendrite interstices. 

3) A completely liquid zone. 
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At least two and often three of these zones exist 
concurrently during the wall growth of a casting, de- 
pending upon the type of metal, the mold material 
and stage of solidification. 

Wall growth may be visualized as occurring by the 
travel of two waves, the “start of freeze’ and “end of 
freeze’’ waves, from the mold-metal interface to the 
casting center line. The start of freeze wave travels 
with the tips of the growing dendrites into free liq- 
uid and indicates the beginning of solidification. The 
end of freeze wave travels with the base of the growing 
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Fig. 3— Diagram showing the relationship between 
the iron-carbon phase diagram and mode of solidifica- 
tion of a 0.30 per cent carbon steel casting. 
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Fig. 2— Schematic drawing of a cross sec- 
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dendrites where the last remaining liquid solidifies. 
The space separation between the two waves consists 
of intermixed liquid and solid metal and is the zone 
where actual solidification occurs. 


The rates of travel of the start and end of freeze 
waves and their space separation within the casting 
vary with the mold materials and the type of metal 
undergoing solidification. Basically, these variations 
arise from the difference in thermal properties of 
both the mold and solidifying metal which govern the 
manner and rate of heat transfer. A typical start and 
end of freeze wave diagram is shown in Fig. 4. This 
illustrates the mode of solidification of a 0.25 to 0.30 
per cent carbon steel in green sand and chill molds. 


CHARACTERISTICS OF STEEL 
SOLIDIFICATION 


Volume Changes During Solidification 


The most obvious characteristic of the solidification 
process is the contraction or change in volume of 
the solidifying steel. This decrease in volume is an 
inherent characteristic of many solidifying metals. 
The total contraction of a steel casting is the sum 
of three stages: 


1) Liquid contraction. 
2) Solidification contraction. 
3) Solid contraction. 


Figure 5 is a typical cooling curve for a carbon steel 
cooling from 1750C (3182 F) to room temperature. 


Total contraction has been found to increase with 
an increase in carbon content. What appears to be 
the most authoritative work on the subject? shows the 
change in specific volume of a 0.35 per cent carbon 
steel, expressed in terms of volume contraction at 
room temperature, to be 1.6 per cent per 100C or 





0.89 per cent per 100 F. This value is slightly dimin- 
ished by an increase of chromium and aluminum and 
increased by greater amounts of carbon, silicon, man- 
ganese and phosphorus. 


However, for the usual cast carbon steels and low- 
alloy cast steels, the liquid contraction may be con- 
sidered to be about 1.50 to 1.75 per cent of its vol- 
ume at room temperature per 100C. This value is 


shown in Fig. 5 in conjunction with solidification 
contraction and solid contraction. 


Steel also contracts upon solidifying, Le., as it 
passes through the two-phase (liquid plus solid re- 
gion) and finally becomes completely solid. The 
various volume contraction figures which are avail- 
able show an average of 0.0039 cc/gram for a 0.35 
per cent carbon steel, which is equivalent to 2.85 per 
cent of the specific volume of the solid steel at the 
freezing point — or 3.05 per cent of the specific volume 
at room temperature. 

There are no accurate measurements available of 
the effect on the solidifying contraction of such dif- 
ferences as may be encountered in the carbon and al- 
loy contents in steels. However, it is believed that there 
would be but little change in the value with in- 
creasing carbon content since the specific volume of 
both liquid steel and solid steel increases as the car- 
bon content is increased. Experimental evidence 
tends to show that pure iron exhibits a solidifying 
contraction of about 2.2 per cent. This value increased 
to approximately 4 per cent for that of a 1.00 per 
cent carbon steel. 


Equilibrium Phase Diagram 


The iron-carbon phase diagram showing the liq- 
uidus and solidus curves is presented in Fig. 6. It 
is noted that increased carbon content tends to lower 
both the solidus and liquidus and enlarge the freez- 
ing range. Slightly below and roughly paralleling 
these curves appear the liquidus and solidus curves 
which were obtained by a study of the melting and 
freezing temperatures of steel for commercial steel 
castings. In general, the curves for the commercial 
steel are situated about 20 to 25 F below those of 
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Fig. 4— Start and end of freeze wave diagram for a 
0.25 -0.30 per cent carbon steel cast in a green’ sand 
and chill mold. Casting cross-section 7 in. Pouring 
temperature 2800 F. Sand thickness 7 in. Mold chill 
thickness 7'%-in. (Bishop and Pellini)! 
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Fig. 5 — Volume change recorded on cooling of a 0.35 
per cent carbon cast steel. (Briggs and Gezelius)? 
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the iron-carbon system. However, the peritectic trans- 
formation occurring at 2718 F (1492.4C) does not 
appear to be altered in commercial cast steels. 

A study* of the melting and freezing points of a 
number of commercial steels led to the conclusion 
that the liquidus and solidus curves of commercial 
carbon steels conform with the iron-carbon diagram 
with respect to carbon content and temperature, pro- 
vided that the manganese content is below 0.45 per 
cent and the silicon below 0.35 per cent. However, 
if manganese and silicon contents are raised, the liq- 
uidus and solidus temperatures are lowered. The 
dotted lines on the phase diagram of Fig. 6 hold in 
general for steel castings of nickel and chromium 
content up to one per cent. 

The diagram of Fig. 6 can be used to predict the 
freezing history of a steel cooled under equilibrium 
conditions. A 0.30 per cent carbon commercial steel, 
for example, begins to freeze at 2740 F (1504.4 C) with 
the formation of delta iron in the melt. At 2718 F 
(1492.4 C) the steel will traverse the peritectic trans- 
formation and austenite will proceed to form direct- 
ly from the melt. When the temperature drops to 
2650 F (1454.4 C), the solidus is reached and freez- 
ing is complete. 
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Fig. 6 — The iron-carbon phase diagram. 
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Fig. 7 — Effect of carbon content on the start and end of 
freeze waves in sand and chill molds. (Bishop and Pellini)! 


Temperature Level and Temperature 
Ranége of Solidification 

The equilibrium diagram of Fig. 6 reveals a factor 
which has a significant influence on the mode of 
solidification of steel, specifically, the temperature 
level at which solidification occurs. Temperature gra- 
dients which are established between the solidifying 
metal and the mold wall are a function of the differ- 
ence between the temperature of the metal and the 
temperature of the mold. The high solidification 
temperature of steel means a large temperature dif- 
ference and thus steep thermal gradients which result 
in a high degree of progressive solidification. 

The temperature range over which a metal solidi- 
fies, that is, in which liquid and solid phases coexist, 
is also an important factor in determining the mode 
of solidification. Steels containing 0.08, 0.25 and 0.60 
per cent carbon have been determined to solidify 
over a temperature range of 40, 75 and 125 F, (4.4, 
23.9 and 51.7 C) respectively. 

Given the same properties of the metal and the 
mold (and thus essentially the same temperature 
gradients) the steel with the narrowest solidification 
range will exhibit the highest degree of progressive 
solidification, since the gradients intercept the liqui- 


TEMPERATURE °F 


oB8see 88 88 & FF FEE 


4 3 2 ' ° ' 2 3 
DISTANCE FROM INTERFACE - INCHES 


modern castings 


Fig. 8 — Thermal gradients in steel castings | 00 
and in the mold; (A) 2'4-in. thick chill used, 

(B) green sand—no chill. (Bishop and Pel- 8 nao 
lini)! A (left); B (right). 


dus and solidus temperatures at more closely spaced 
locations. Thus, one would expect solidification to be 
highly progressive in a low carbon steel and much less 
progressive in medium and high carbon steels. This 
is indeed the case, as may be seen in Fig. 7. However, 
in all instances, the solidification is much more pro- 
gressive than in non-ferrous metals. 


Thermal Conductivity of Mold and 
Solidifying Metal 

The mode of solidification of a metal is a function 
of the thermal gradients established during freezing, 
therefore, the thermal properties of both mold and 
metal solidifying must be considered as important 
factors in the determination of the nature of steel 
solidification. A mold made of a material having a 
high thermal conductivity and a high heat capacity, 
such as a chill mold, will absorb heat quickly and over 
an extended period of time. 


A high conductivity also results in a rapid flow of 
heat away from the mold-metal interface, which causes 
the interface of the solidifying metal and the mold 
to be maintained at relatively low temperatures. The 
low interface temperature means that steep thermal 
gradients will be established (Fig. 8a), and concomi- 
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tantly solidification will be of a highly progressive 
nature. 

The mode of solidification of metal in a sand mold 
will be quite different from that in a chill mold, due 
to the low thermal conductivity and low heat capac- 
ity. Sand, a good insulator, is able to absorb little 
heat and is also unable to conduct heat away from 
the mold-metal interface at any appreciable rate. 
For this reason, the temperature of the sand at the 
casting interface approaches rapidly the temperature 
of the solidifying metal (Fig. 8b) and only mild 
temperature gradients are established in the metal. 
Thus, metal poured into a sand mold will solidify 
in a much less progressive manner than in a chill 
mold. 

The thermal conductivity of the freezing metal also 
exerts an appreciable effect on the thermal gradients 
established during solidification. A metal having a 
high conductivity will allow heat to be carried from 
the center of the solidifying section to the mold-metal 
interface rapidly. Thus, heat removed by the mold 
from the casting surface will quickly be replaced by 
heat from the interior, and only mild gradients can 
exist within the freezing metal causing poorly pro- 
gressive solidification. 

Heat flow within a solidifying metal having a low 
thermal conductivity is sluggish, thus allowing steep 
gradients to be formed and maintained, and solidifi- 
cation will be of a more progressive nature. Steel is a 
metal having a relatively low thermal conductivity, 
and this is one of the factors that aid in producing 
progressive solidification in the carbon grades having 
a wide temperature range of solidification. It should 
be pointed out that the effect of metal conductivity 
is minimized in a sand mold due to the low thermal 
conductivity of the sand. 


FACTORS AFFECTING THE 
SOLIDIFICATION OF STEEL 


Mold Material Effect 


The mold materia! affects the mode of solidification 
of a steel casting primarily by its ability to extract 
heat. The greater the heat extracting ability of the 
mold material, the greater will be the advance of the 
start and end of freeze waves through the casting. A 
knowledge of the heat extracting ability of a molding 
material is essential to the practical foundryman inter- 
ested in applying controlled directional solidification 
to preduce castings free from internal cavities. A com- 
mon application of this knowledge is in the use of 
metal chills to increase the rate of solidification at a 
point distant from a riser, or the use of insulating 
sleeves around a riser to decrease the rate of 
solidification. 

The author's company®:6 has investigated the chill- 
ing ability of various molding materials with the aim 
of finding materials which might be used as moldable 
chills or insulators. Cooling curves for the various 
materials tested are shown in Figs. 9a and 9b. A 
graphical comparison of the chilling ability of the 
various molding materials corrected to a standard 
pouring temperature of 2870 F (1576.7 C) is presented 
in Fig. 10. 
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Fig. 9 — Cooling curves at the center of a 6-in. sphere 
produced in various molds. (Locke, Briggs, and Ashbrook)® 


Metal Chills Effect 


The preceding discussion has shown that the most 
effective means of extracting heat from a solidifying 
casting is through the use of a metal chill. Previous 
curves (Fig. 7) have shown the effect of a chill mold 
in the progression of start and end of freeze waves 
from the walls of a 7-in. block-type casting. It was 
shown that a steel casting in a metal mold would 
complete its solidification in 20 to 25 per cent of the 
time required for the same casting in a sand mold. 

Figure 11 shows the advance of the end of freeze 
waves in 2-in. thick plates and 4-in. thick bars in both 
the end-chilled and unchilled conditions. The bars 
were 4 x 4 in., and the plates had a width equal to 
5 times their thickness. The chill is seen to have a 
great effect upon the end of freeze wave, especially 
during the early stages of solidification. In addition to 
aiding directional solidification, several investiga- 
tions®:%.10 have shown the use of external chills to be 
highly beneficial to mechanical properties. 

Chill thickness was found to have only a slight 
etfect upon the solidification process as may be seen 
in Fig. 12. This figure shows that little is to be gained 
by going to larger chills. Studies on the thickness 
of chills to be employed show that chills are fully 
effective for a bar when the chill thickness is equal 
to half the thickness of the casting (14T) and that IT 
chills are similarly adequate for plates. 
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Fig. 10 — Effect of various molding materials on so- 
lidification time of 6-in. spheres. 


Chills of larger thicknesses are overadequate. They 
absorb added heat from the interface regions, but this 
added heat is primarily specific heat from the solid 
metal rather than heat of fusion. For this same 
reason, high-conductivity copper and water-cooled 
chills do not cause a measurable improvement in 
casting soundness over that attainable with steel or 
cast iron chills. 


Gravity and Convection Effect 

Gravity and convection effects on the solidification 
of steel have been given little consideration in the 
American literature. The British, however, have 
investigated these effects, and a summary of their 
results!2.13,14,15 is presented. 

Gravity and convection have their greatest effect 
upon the macrostructure of the casting. This effect 
has been explained in terms of the “falling crystallite” 
theory. In essence, this theory states that minute em- 
bryos or crystallites form in the melt as the melt 
reaches the liquidus temperature, and, if conditions 
are right, these crystallites will fall to the lower por- 
tions of the casting. 

Three types of crystals are recognized: 

1) columnar, which are the long thin grains. 

2) equiaxial, which are grains that are not elongated 
in any single direction, yet show evidence of inter- 
nal dendritic formation. 


modern castings 


3) nuclear, which are small units which have devel- 
oped by growth from a large number of nuclei, 
and which do not show internal dendritic forma- 
tion as may be evident in the larger equiaxial 
crystals. 


Several interrelated factors come into play in deter- 
mining the extent of the effect of gravity and con- 
vection upon the mode of solidification. Among these 
factors are superheat, chilling effect of the mold 
material, riser size and thermal gradients in the 
casting. 


Macrostructure Differences 


The difference in the macrostructures of the two 
bar castings shown in Fig. 13 were explained!3 in 
terms of the falling crystallite theory. These two 
castings were poured in the same mold from a com- 
mon downsprue and bottom gate. They both had 
exothermic sleeves around the 6-in. riser. The only 
difference was that 6 also had extothermic powder 
sprinkled on the riser surface in order to increase the 
riser life. Quite a difference is shown in the two 
macrostructures. 
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Fig. 11 — Progression of the end of freeze wave from 
the extremities of chilled and unchilled plates (left) 
and bars (right). (Myskowski, Bishop and Pellini)? 
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Fig. 12 — The effect of chill thickness in the progres- 
sive solidification of a 7x 7-in. section steel casting. 
Pouring temperature 2800 F; carbon content 0.60 per 
cent; cast iron chill. (Bishop, Brandt and Pellini)!! 
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Casting a was found to have nuclear crystals to a 
much greater depth than casting 6b. Theoretically, 
solid nuclei form more readily at the top of cast- 
ing.a than casting b. In each case, these nuclei, be- 
ing more dense than the surrounding liquid, begin 
to fall towards the bottom of the casting. Aided 
by a greater thermal gradient (hence greater con- 
vection currents in the liquid) between the top and 
the bottom of casting a, the nuclei are able to fall 
more readily and to a greater depth, as shown. The 
difference in the macrostructures of the castings 
shown in Fig. 14 was explained in the same manner. 

These bar castings are similar to those of Fig. 13, 
except for the larger risers. These also were poured 
in the same mold from a common downsprue. The 
only difference is that the riser of casting b was 
heavily chilled by the insertion of five iron bars. 
Again more nuclear crystals found their way to the 
bottom of the casting which had the greater thermal 
gradient and hence the greater convection currents 
between the top and bottom. 

Figure 15 shows the results of another investiga- 
tion.!2 The only difference between the castings of 
Fig. 15a and 15b was that 15b had a larger riser and 
one lb of exothermic material was sprinkled on 
top. A great difference is seen in the macrostructures. 
Casting a, with the greater thermal gradients between 
the top and bottom is seen to be almost wholly 
composed of nuclear crystals, while casting b is com- 
posed only of equiaxial and columnar grains. 

This same investigation showed that in a casting 
containing both nuclear and equiaxial or columnar 
grains, the portions of the casting containing the 
nuclear grains were purer chemically (i.e., contained 
less alloying elements) and possessed better tensile 
properties. 


Gravity and Convection Effect 


There appears to be some practical aspects relative 
to the effect of gravity and convection currents. The 
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investigations described above show that gravity and 
convection effects play a part in producing a finer 
grained structure in the casting. It was shown that in 
order to induce these effects, it is necessary to have 
more rapid cooling at the topmost portions of the 
casting in order that crystallites might form early 
and then fall into the liquid below. 

This, however, is not in accord with the principles 
of directional solidification, which must be observed 
if sound castings are to be produced. Considerable 
success has recently been met in efforts to change the 
mode of crystal formation of cast steel by the use of 
an inoculant, i.e., a substance which, when added to 
the molten steel, will induce the formation of a large 
number of solid nuclei. This opens the possibility of 
using gravity and convection effects in conjunction 
with an inoculant to produce a small crystal structure 
throughout the casting. The inoculant would neces- 
sarily be iron alloy powder or alloy carbide powder. 


Solidification in a Flowing Stream 
Pouring time is usually relatively short in com- 
parison with freezing time, and often pouring is 


EXOTHERMIC POWDER 


Fig. 15 — Sche- 
matic diagram 
showing macro- 
structures of two 
bar castings. Pour- 
ing temperature 
2833 F; 0.40 per 
cent carbon steel. 
(Samways)!2 
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FLOW OF MOLTEN METAL 
i 


Fig. 16 — Sche- 
matic diagram 
showing the grain 
structure in a flow- 
ing stream. 


N 


complete before solidification begins. In such cases 
casting solidification generally progresses into a non- 
flowing pool of liquid metal. However, in some cases 
such as thin-sectioned castings, solidification begins 
before the mold cavity is completely filled. 

Figure 16 illustrates schematically the nature of the 
structure obtained as steel solidifies in a flowing 
stream. It is of interest to note that the columnar 
crystals point “upstream,” i.e., into the oncoming 
liquid. This angle of tilt is related’1® to the flow 
velocity of the liquid, a greater angle of tilt being 


MEAN 


Fig. 17 — Grain structure observed at various positions 
in the standard fluidity spiral. 0.21 per cent carbon steel; 
pouring temperature 2900 F; spiral length 15 in.; spiral 
cut lengthwise perpendicular to parting line; magnification 
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associated with a greater flow velocity. In addition, 
the flowing stream promotes the growth of columnar 
crystals in preference to equiaxial grains. 

An investigation of the mode of solidification in a 
thin section has been made.17 The standard fluidity 
spiral was the section studied. Figure 17 illustrates 
a typical crystal structure observed in a 0.21 per cent 
carbon steel at various distances from the downsprue 
of this casting. The investigation showed that the 
higher the pouring temperature, the larger the colum- 
nar crystals. The length and the angle of slope of 
the columnar crystals were found in all cases to 
decrease with increasing distance from the downsprue. 

Additional evidence indicated that the position at 
which this thin section first solidified completely was 
related to the pouring temperature, a high superheat 
promoting solidification first near the sprue and low 
superheat promoting solidification first at the tip. 

This aspect of solidification in a flowing stream 
becomes increasingly important as consideration is 
given to thinner and thinner sections. High pouring 


814 X; (a) adjacent to sprue, (b) 5 in. from sprue, (c) 
10 in. from sprue and (d) 15 in. from sprue. Flow is from 
left to right. (Rowe)!7 Top row—a (left), b (right); 
bottom row —c (left), d (right). 





temperatures are needed in order to run thin sec- 
tions, yet these high pouring temperatures promote 
longer columnar crystals which converge towards the 
centerline to choke off the metal flow. 


Other Factors Affecting the Solidification Process 


Other factors, such as mold thickness, superheat 
and sand moisture, also affect the mode of solidifica- 
tion of steel castings. These effects are summarized 
in Figure 18. 

Figure 18a shows the effect of increasing the sand 
mold wall thickness from 21% to 7 in. on the solidi- 
fication of a 7 x 7-in. section steel casting. The 
effect is one of a general delay in the solidification 
with increasing sand thickness. The reason for the 
faster solidification in the case of the thinner mold 
walls is that the steel flask acts as a chill and be- 
comes effective before the casting solidifies. The 
solidification time is increased 10 per cent when the 
mold wall is increased from 21% to 41,4-in 

A further increase from a 414 to a 7-in. thick mold 
only increases the solidification time 2 per cent. It 
would appear from this that approximately a 4-in. 
mold wall is sufficient thickness for a 7 x 7-in. section. 
It has been reported!® that a sufficient sand wall 
surrounding the casting should be 1.4T. Sand thick- 
ness greater than this does not contribute to the 
solidification characteristics of the casting. 

Figure 18b illustrates the effect of pouring temper- 
ature variations on the solidification of a 7 x 7-in. 
section steel casting in a sand mold. A higher super- 
heat is seen to delay the start of freezing of the steel 
somewhat. This delay is caused by the liberation of 
the additional heat resulting from pouring the higher 
temperature steel. Superheat also increases the solidi- 
fication interval; however, the rates of travel of the 
various end of freeze curves are approximately the 
same. 

Figure 18c shows the effect of a dry sand mold, 
as compared to one containing 3 per cent moisture, 
on the progressive solidification of a 7 x 7-in. section. 
The presence of moisture speeds up solidification 
during the initial stages and causes the development 
of the end of freeze wave to occur earlier. This effect 
is apparently lost during the later stages of solidifi- 
cation, as is indicated by the merging of the green 
and dry sand curves. This is additional proof of the 
well-known fact that steel castings in green and dry 
sand molds solidify in a similar manner. 


SOLIDIFICATION TIMES FOR 
VARIOUS SHAPES 

The rate of solidification and solidification time of 
steel castings are primarily determined by the thermal 
properties of the mold, composition of the steel, pour- 
ing temperature, section size and casting configura- 
tion. The first three variables in this list are discussed 
in other parts of this report, and no further elabora- 
tion will be made on them in this section. 


Solidification Calculations 


The solidification of steel in metal molds has been 
studied theoretically, and it was determined that the 
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rate of solidification of steel could be expressed as a 
parabolic function: 


D=Kyt 


Here D is the thickness frozen in time t, and K is a 
constant of solidification. 

Attempts have been made to fit this formula to ex 
perimental data on steel cast in sand molds, but it 
was found that the equation could be used successfully 
only in the early portion of the solidification of a 
section. The data appeared to fall on a hyperbolic 
rather than a parabolic curve, but a fairly good fit 
was obtained using the general equation 


D = K,t°* + K,t 


DISTANCE FROM INTERFACE - INCHES 


DISTANCE FROM INTERFACE - INCHES 


0 
TIME - MINUTES 
Fig. 18 — Progress of solidification of a 7-in. square 
casting. (A) green sand mold thickness series, pouring 
temperature 2800 F; (B) green sand superheat series, 
mold thickness 44%-in.; (C) comparison between green 
and dry sand, mold thickness 44%-in., pouring tempera- 
ture 2800 F. (Bishop, Brandt, and Pellini)!! 
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Fig. 19 — Solidification times for various shapes of 
steel castings in sand molds. 


where K, and K, are constants depending upon the 
shape of the mold, etc. 


The earliest and most well-known relationship be- 
tween solidification time and casting geometry was 
developed by N. Chvorinov.!® He suggested that the 
time required for complete solidification of a steel 
casting is proportional to the square of the casting 
volume divided by the square of the surface area of 
the casting, that is: 


l v\ 
=— | — x 60 
“= Ke (x) 
where: 


tp = freezing time in min. 
V = casting volume in cu in. 

SA = casting surface area in sq in. 
K = constant. 

For spheres, cylinders and plates, K has been found 
to be 2.09, while for bars and rectangles it has been 
determined to be 1.92. 

While this equation is not completely rigorous, it 
does represent an excellent engineering approxima- 























Fig. 20 — Progression of end of freeze wave contour in 
solidifying L and T sections. (Brandt, Bishop, and Pel- 
lini)?5 
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tion. However, it should be pointed out that the rela- 
tionship does not take into consideration the 
solidification shrinkage, and thus it can not be applied 
to the dimensioning of risers. 


Application of the equation to simple shapes such 
as plates, bars and cylinders, must be on the basis 
that no (little) heat flows from the edges of plates or 
the ends of long bars or cylinders. A heat flow from 
these edges (such as exists in thick plates) will affect 
the volume to surface area ratio of the above equa- 
tion. The volume/surface area relationships for vari- 
ous shapes are as follows: 


Shape SA V/SA 





Large Plate WT 2LW Tf 
Long Bar T: 4LT TA 
Cube T3 6T2 T/A 
Long Cylinder . D: a DL D/A 
Sphere w D2 D/6 





Solidification of Simple Shapes 


Most of the thermal studies on progressive solidi- 
fication of cast steel have been carried out on 4 x 4, 
6x6, 7x7, and 8 x 8-in. cross-sections.11.20,21,22 In 
such castings, progressive solidification proceeds 
equally from all four faces. The data obtained have 
been plotted in Fig. 19, and a curve for square bars 
has been constructed. 

Plates solidify progressively from only two faces. 
Therefore, the solidification time for a plate of the 
same thickness as a bar is delayed. In fact, a bar with 
a 4x 4-in. cross-section solidifies in 16 min, whereas 
a plate 4 in. thick requires approximately 50 min to 
solidify. 

Calculations on the solidification time of cylinders 
and plates by the electric analogy method?3-24 are 
also shown as points on the graph. 


Solidification at Corner Positions 


The mode of solidification is determined by heat 
transfer, and thus growth of walls from which heat is 
being extracted at unequal rates must be considered. 
This is the type of freezing encountered in L and T 
sections. The unequal rates of heat extraction from 
the walls of the junction have two notable effects on 
solidification, i.e., the thermal center of the junction 
is displaced from the geometric center and the time 
of final solidification is changed. 

A study was made of L and T junctions of 4-in. 
sections poured in 0.25 carbon steel.25 Figure 20 
shows the solidification conditions in these sections 
at various times during the course of freezing. It may 
be seen that the rate of wall buildup is most rapid 
at the external corner of the L section and slowest 
at the internal corner, while solidification from the 
flat surface of the plate progresses at an intermediate 
rate. 

The reason for this is that the heat flow paths from 
the external corner are divergent, and for the internal 








core they are convergent while they are parallel to 
the flat surface. As the heat flow paths move from 
a divergent to a convergent position, heat is con- 
ducted to a steadily decreasing mold area and the 
time required for final solidification increases. 

It should be noted that the position of a shrinkage 
cavity is not the position of final solidification. 
Due to the effect of gravity, the last metal to solidify 
drains to the bottom of the hot spot region, and 
thus the shrinkage cavity will be located directly above 
the last part of the section to freeze. 

The previously discussed conditions have been 
known by the steel casting industry for some time. 
Thus sharp internal corners are never used, but rather 
a radius of T/3 is used when the member section 
thickness (T) is greater than 3 in. Such a radius 
would permit a solid skin to be formed early in the 
solidification cycle of the section rather than in 50 
min, as shown in Fig. 20. 

The relative solidification times of a 4-in. thick 
flat plate and 4-in. L and T sections are 48, 62 and 72 
min, respectively. Thus it is seen that adjustment 
factors of 114 and 1% should be used for flat plate 
sections joined in L and T designs when calculating 
the solidification time of such sections from the 
volume-surface area relationships of the flat plate. 


Solidification at Core Positions 


The nature of solidification in bushings having a 
t-in. wall thickness has been studied?5 to determine 
the effect of cores on freezing rate and solidification 
time. Castings were made using cores of 2, 4, 8 and 
16-in. diameters. The results of the thermal analyses 
made showed that with a 2-in. core the thermal 
gradients over the entire section slope toward the 
outer surface of the casting after about 30 min. This 
indicates that at this time essentially all of the heat 
is flowing from the casting into the mold wall. 

The same conditions were found to characterize the 
casting with the 4-in. diameter core after 60 min 
from the time of pouring. This appears to be the 
borderline case in which the core stops removing heat 
just shortly before the end of freeze wave reaches 
the core surface. The 8 and 16-in. diameter cores 
were found to extract heat throughout the entire 
period of solidification. However, near the end of 
solidification, the gradients in the metal adjacent to 
the mold wall are steeper than those in the metal 
adjacent to the core, which indicates that a larger 
amount of heat is being extracted by the mold than 
by the core. 

Figure 21 shows the progress of the end of freeze 
waves across the 4 in. wall section of the various test 
castings. Data for a 4 in. thick flat plate (representing 
the case of infinitely large core diameter) and for an 
8 in. diameter cylinder (representing the case of an 
infinitely small core diameter) are included for com- 
parison purposes: It may be observed from the curves 
that as the core diameter increases, the solidification 
pattern moves towards the symmetrical characteristics 
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Fig. 21 — Progression of end of freeze waves in cored 

cylinder castings. (Brandt, Bishop, and Pellini)?° 


of the flat plate, and the thermal center approaches 
the geometric center of the 4 in. wall. 

However, with a 16 in. diameter core, the thermal 
center is still approximately 14-in. from the geometric 
center. For the 8 in. diameter core, the thermal 
center is located approximately 114-in. from the geo- 
metric center, while for 4 and 2 in. diameter cores the 
thermal center is at the core-metal interface, i.e., the 
metal adjacent to the core is the last metal to solidify. 

Figure 22 shows a plot of the time required for 
complete solidification vs. core diameter for all of 
the test castings poured. It also indicates the effective 
volume to surface area ratios which should be used in 
the calculation of freezing times for various casting 
configurations. However, as a practical approximation 
for calculation of freezing times, bushings having core 
diameters greater than twice the wall thickness may 
be considered to solidify essentially as a flat plate of 
equivalent wall thickness. Bushings with core diam- 
eters less than twice the wall thickness may be con- 
sidered to solidify essentially as cylinders of radius 
equal to the wall thickness. 


SUMMARY 


A knowledge of the fundamentals of solidification 
of steel castings is an essential foundation for the con- 
sideration of the related topics of gating, risering 
and directional solidification. This presentation re- 
views and summarizes the work of many investigators 
in sufficient detail to provide a sound engineering 
understanding of the principles involved in the solid- 
ification of steel castings. 

The solidification of steel is of a progressive nature 
with growth toward the thermal center of casting 
section. The degree to which solidification is pro- 
gressive is determined by steel composition, thermal 
properties of the mold, temperature level of solidi- 
fication and solidification range. 

The effect of various molding materials and chills 
is to alter the time of solidification of the casting. 
Gravity and convection produce fine macrostructures, 
whereas the flow of metal over a solidifying face 
produces a coarser macrostructure. Superheat and 
mold thickness have only a slight effect upon the 
mode of solidification. 
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Fig. 22 — Relation of solidification time 
to core diameter. (Brandt, Bishop, and 
Pellini)?5 




















6 
CORE DIAMETER -INCHES 


The rate of solidification is shown to be slower 
at internal corners and core surfaces than at external 
corners and flat mold faces. The time required for 
complete solidification may be presented by the 
equation known as Chvorinov’s rule: 


wb (Zy 
* K? \SA 
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SOLIDIFICATION OF CAST IRON 


ABSTRACT 
Consideration is given to solidification of hyper- 
eutectic and hypoeutectic cast irons, dealing with white, 
gray and ductile iron. The important features of the 
solidification process of these cast irons, as well as 
carbon equivalent calculation formulas, are presented. 


GENERAL 


The family of cast irons is distinguished from other 
ferrous metals in that cast irons contain sufficient car- 
bon so that the last metal to freeze is always of eutec- 
tic composition. With pure iron carbon alloys, this 
means that the carbon content must be greater than 
about 1.98 per cent C. Other elements, such as sili- 
con and phosphorus, reduce the amount of carbon re- 
quired to reach eutectic composition during freezing. 

The solidification of cast iron occurs over a range 
of temperatures, except in the unique case where the 
metal is exactly of eutectic composition. Eutectic irons 
solidify at nearly a constant temperature, although, 
alloys and impurities may often cause some range of 
solidification even with eutectic composition. 

In pure iron carbon alloys, the eutectic composition 
is variously estimated at 4.23 per cent to 4.30 per cent 
carbon, Silicon and phosphorus especially lower the 
carbon required to reach eutectic composition. The 
normal iron carbon diagram may be used for irons 
containing silicon and phosphorus, if, instead of car- 
bon content, a carbon equivalent or CE figure is used. 
Various formulas have been proposed to calculate CE 
values for cast iron. Commonly used in America are: 


CE = Tot. C + & (Si + P) 
CE = Tot. C + 0.3 (Si + P) 
Using this, a CE value of 4.3 is taken as the eutectic. 


A possibly more exact and general formula frequently 
given in European literature is: 
CE = Tot. C + 0.312 Si + 0.33 P — 0.078 (Mn — 1.8 S) 


With this formula, 4.23 per cent is assumed to be 
the eutectic composition. In the usual cast iron com- 
positions, either of these formulas will give values suf- 
ficiently accurate for practical estimation. 

The solidification mechanism of any cast iron de- 
pends in a fundamental manner on whether the metal 
is hypoeutectic, eutectic, or hypereutectic. 


WHITE IRON SOLIDIFICATION 


White iron is cast iron which solidifies with little or 
C. K. DONOHO is Chief Met., American Cast Iron Pipe Co. 
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none of the graphite constituent which is character- 
istic of gray iron. White cast iron is produced by: 


1) rapid freezing (chilled iron). 

2) low silicon and/or carbon contents. 

$) additions of sulfur or tellurium. 

4) by alloying with carbide stabilizing alloys such as 
chromium and manganese. 


Often several of these factors are used in combina- 
tion. For example, when silicon content is held as low 
as feasible, an alloy addition of chromium may be 
desirable to insure that graphite formation is sup- 
pressed. 

The solidification shrinkage of white iron is about 
5% per cent, and white iron castings require feeding 
from risers to produce sound castings. 


Hypoeutectic White Irons 

With a silicon content of around 0.50 per cent, the 
eutectic carbon content of low phosphorus iron is 
about 4.10 per cent to 4.15 per cent, so most white 
irons are hypoeutectic. On cooling to the liquidus, 
austenite dendrites begin to form at the mold wall 
and grow progressively inwardly throughout the sec- 
tion. Since the solid austenite dendrites contain less 
carbon, say around 1.5 per cent C, the remaining liq- 
uid is enriched in carbon until the last liquid is of 
eutectic composition. 

When the melt has cooled to the eutectic tempera- 
ture, eutectic solidification begins. The product of 
eutectic solidification is ledeburite, mixed crystals of 
saturated austenite and iron carbide. The final so- 
lidified structure then consists of austenite in a den- 
dritic pattern and ledeburite mixed crystals between 
the dendrites. The lower the carbon equivalent, the 
greater will be the proportion of primary austenite. 
With eutectic carbon equivalent, the solidified struc- 
ture is 100 per cent ledeburite. 


Hypereutectic White Irons 

With white irons exceeding the eutectic in carbon 
equivalent, the first constituent to solidify is primary 
iron carbides. Iron carbide contains about 6.67 per 
cent carbon, so the remaining liquid is progressively 
lowered in carbon equivalent until the eutectic tem- 
perature is reached. Eutectic solidification produces 
ledeburite. 


GRAY IRON SOLIDIFICATION 
Gray iron is cast iron in which graphite is one con- 
stituent of the solidified metal. Usually, the graphite 
is in flake form, although some authorities consider 
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nodular or ductile iron to be in the gray iron family. 
For this discussion, we will use the term gray iron to 
mean flake graphite gray iron. 

The most important practical effect of graphite pre- 
cipitation during solidification is the resulting expan- 
sion which may compensate for the normal solidifi- 
cation shrinkage. It has been stated that 2.80 per cent 
of graphitic carbon nullifies the solidification shrink- 
age so that risering to feed shrinkage cavities is not 
necessary (a cu in. of iron weighs 0.28 Ib while a 
cu in. of graphite weights 0.08 Ib). 

Mold wall movement is a critical factor in the 
shrinkage characteristics of gray iron castings. If the 
expansion due to graphitization is allowed to expand 
the mold wall by deformation, shrinkage and internal 
porosity may occur with any iron composition. With 
rigid molds this is not permitted to occur, and sound 
castings can be obtained without risers when sufficient 
graphite is precipitated. 


Hypoeutectic Gray Irons 


In iron compositions where the carbon equivalent 
is less than the eutectic, primary austenite in the den- 
dritic form is the first constituent to freeze. Solidifica- 
tion of austenite continues until the remaining liquid 
is of the eutectic composition. Then, eutectic solicifi- 
cation begins at crystallization centers which grow ra- 
dially to form eutectic solidification cells. Graphite 
flakes begin to form when eutectic solidification be- 
gins. 

Flakes grow in a generally radial pattern from the 
eutectic crystallization centers outwardly into the re- 
maining eutectic liquid. On completion of solidifi- 
cation, the solidified eutectic cells and all the graph- 
ite occupy the spaces between the primary dendrites 
previously formed. On subsequent cooling, further 
growth of the original graphite flakes may penetrate 
into the original dendrites by solid graphitization. 

It is generally accepted that the original graphite 
flakes formed in the eutectic crystallization centers 
grow with the outer edge of the flakes in contact with 
eutectic liquid. Graphitization, after solidification, 
occurs simply by adding on of precipitated carbon to 
the existing flake pattern. 

The size and pattern of the graphite flakes is largely 
determined by the number and size of the eutectic 
cells and the degree of undercooling before eutectic 
solidification begins. With little or no undercooling, 
the eutectic cells are small and numerous; and the 
graphite patterns tend to the Type A graphite, uni- 
form flake distribution with random orientation. 
When considerable undercooling occurs before the 
eutectic solidification starts, the eutectic cells are 
large and less numerous; and the final graphite pat- 
tern tends to the Type D, interdendritically segregated 
flakes. 

With little or no undercooling, graphite flakes grow 
slowly during gradual eutectic solidification from 
numerous cells in relatively large flakes which can fi- 
nally grow into the austenite dendrites to give a rather 
uniform distribution. 

With considerable undercooling flake formation is 
rapid in large cells, resulting in smaller flakes segre- 
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gated between dendrites. Inoculants are widely used 
to prevent or reduce undercooling and to produce 
Type A graphite. 


Hypereutectic Gray Irons 

Solidification of hypereutectic gray iron begins by 
the precipitation of primary graphite flakes. There is 
a rather academic question as to whether the initial 
precipitation is graphite from the liquid, or iron car- 
bide which immediately decomposes to graphite. 
The net result is the same in that primary graphite 
appears in the melt prior to eutectic solidification. 

When eutectic composition is reached the eutectic 
solidification proceeds exactly as in hypoeutectic gray 
irons. 


NODULAR OR DUCTILE IRON 
SOLIDIFICATION 

Ductile irons are gray irons in which the graphite 
phase occurs essentially in the form of spherulites 
rather than in the usual flake form. Compositionally, 
ductile iron may be quite similar to normal gray iron 
with the important exception that the sulfur content, 
which could combine as FeS and MnsS, is essentially 
nil. 

A few hundredths of per cent of a nodulizing agent 
such as Mg or Ce is usually considered to be an es- 
sential part of the composition of ductile iron, al- 
though, the effectiveness of these elements may likely 
be due to their ability to combine with the last 
traces of sulfur in the melt. Since phosphorus embrit- 
tles ductile iron to a greater degree than normal gray 
iron, this element is usually held to a low content in 
commercial ductile irons. Carbon and silicon can be 
in the normal range, but since manganese is not re- 
quired to combine with sulfur, this element may be 
quite low, or even absent. 


Hypoeutectic Ductile Irons 

The general progress of solidification of ductile 
iron is generally similar to that of normal gray iron 
of the same carbon equivalent. There are differences, 
but these are comparatively minor considering the 
difference in resulting structure and properties. 

As in the normal gray iron, solidification begins by 
the formation of austenite dendrites followed by eutec- 
tic solidification. It is probably significant that ductile 
irons consistently undercool several degrees below 
other irons of similar composition. Eutectic solidifi- 
cation begins in the order of 10 to 30 F lower. 

Figure | from Pellini* compares the solidification 
in 7 in. square sections of gray and ductile hypoeu- 
tectic irons. As shown by these diagrams, the greatest 
difference is in the eutectic solidification, which in 
the case of ductile iron is considerably more extended 
and slower. Pellini and others consider that carbides 
form first at the beginning of eutectic solidification 
and later decompose to graphite spherulites and aus- 
tenite. It is generally agreed that graphite spherulites 
do not grow in contact and liquid metal, but at their 
inception and during subsequent growth are sur- 
rounded by a solid shell of austenite. There is ample 


*Proc. of Electric Furnace Steel Conference, A.1.M.E., p. 72, 
1956. 





evidence that this is true, but the reason why is a mat- 
ter for speculation at the present state of knowledge. 


Spherulite Formation 

There are several areas of uncertainty and even dis- 
agreement concerning the solidification of ductile 
irons. Most investigators assume that spherulites do 
not begin to form until the start of the eutectic solid- 
ification. There is some evidence, however, that at 
least the nuclei for spherulites may form in the austen- 
ite dendrites prior to the eutectic solidification. The 
undercooling which occurs before eutectic solidfica- 
tion starts could contribute to this mechanism. 

Figure 2 is a micro of a hypoeutectic iron with low 
(0.004 per cent) total Mg content. Both spherulites 
and Type D or eutectiform flake graphite are pres- 
ent. It is obvious that the Type D flake graphite 
formed in the eutectic or last to freeze metal. But the 
spherulites present appear consistently in the center 
of austenite dendrites. It is difficult to reconcile this 
with nodule genesis in the eutectic only. 

Another area of uncertainty is in whether graphite 
spherulites always form by decomposition of solidified 
carbides or if graphite may form directly from the 
melt. The spherulites or nodules in Fig. 2 do not ap- 
pear to have formed by carbide breakdown since they 
are centrally positioned in what appears to be pri- 
mary austenitic dendrites. Evidence for spherulite for- 
mation by carbide breakdown is found in the fact- 
that spherulites can be formed by annealing car- 
bidic white iron. 

Even this is not positive evidence of spherulite in- 
itiation from carbide breakdown. We have examined 
many samples of chilled magnesium treated iron mi- 
croscopically. Although these chilled samples appear 
to be truly white iron, under high magnification (in 
most cases) tiny graphite spherulites can be detected. 
On annealing, these incipient spherulites already 
present simply grow by diffusion of carbon from car- 
bide through austenite. 

Pellini and co-workers have shown that the number 
of spherulites in ductile iron at the beginning of eu- 
tectic solidification is the same as after complete solid- 
ification, and that only the size of the spherulites in- 
creases as solidification progresses. This could mean 
that tiny graphite spherulites form at or just prior to 
eutectic solidification in the austenite dendrites, and 
thence simply grow by diffusion of carbon. 

While the overall mechanism of solidification of 
hypoeutectic ductile irons is generally understood, it 
is uncertain (at least to the writer) whether or not 
incipient spherulites may form prior to eutectic solid- 
ification. Stated another way, it is uncertain whether 
or not incipient spherulites may form before eutectic 
carbides have solidified. 


Hypereutectic Ductile Irons 

The solidification of hypereutectic ductile iron be- 
gins by the precipitation of primary graphite spheru- 
lites. Whether or not primary carbides form first and 
immediately breakdown to spherulites and austenite 
is rather inconsequential, since the net result, graphite 
spherulites in the melt prior to eutectic solidification, 
is the same. It is generally agreed that primary graph- 
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Fig. 1 — Solidification diagrams for hypoeutectic flake 
(top) and nodular (bottom) irons (Pellini). 


ite spherulites, in contrast to primary flakes, are 
sourrounded from inception by a shell of solid austen- 
ite and grow out of contact with liquid metal. 

Evidence for this is rather clear. Flotation of graph- 
ite spherulites in hypereutection ductile irons has 
been reported many times. This is exaggerated in 
centrifugal castings, and a concentration of primary 
spherulites at the inside of true centrifugal castings is 
obvious when the metal is hypereutectic, but ceases 
abruptly when carbon content is less than eutectic. 
Evidence for the austenite shell around the spheru- 
lites is found in the fact that while primary spheru- 
lites float in the liquid toward the surface, they do 
not eject completely out of the liquid into the air as 
is the case in ordinary kish primary flake graphite. 

When primary graphite has precipitated in the liq- 
uid to the extent that eutectic concentration is 
reached, eutectic solidification proceeds as in any duc- 
tile iron. 


Fig. 2— Micrograph of hypoeutectic cast iron with 
0.004 per cent total magnesium content. Nital etch. 
100 X. 
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CASTING LOSS REDUCTION PROGRAM 


by Harry W. Dietert 


ABSTRACT 


The reduction of casting losses is a paramount issue 
in the casting industry. The production of high quality 
castings demands close inspection which means high 
rejection should quality control in the foundry ever 
lose its efficiency. 

The efficiency of quality control can best be held at 
a good working peak when casting losses are correctly 
classified and their elimination procedure is well under- 
stood. A definite plan of action is essential. The pur- 
pose of this report is to set forth a programming plan 
for casting loss reduction. It will not cover the entire 
field but will cover the field of losses obtained from 
inefficient working of molding sand which may be used 
as an example to attack the other losses experienced. 


STEPS IN PROGRAM 


1 — Programming According to Source 


The first step is to program the attack from the 
source of the loss. It is essential to determine the 
source of the loss. 

The program may be started by recognizing that 
there are six principal sources of casting losses, 
namely: design, metal, pattern equipment, molding 
equipment, core and molding sand. All casting losses 
may be ascribed to one of the six named sources. 


2 — Programming According to Classification 


After the source of loss has been determined, a sec- 
ond step must be taken to determine whether the 
loss may be classified as to whether it was man-made 
due to the human variable, carelessness in working 
or whether the loss can be classified as being caused 
by the source not being capable of performing its 
task. 

Thus, we have man-made losses in each of the six 
sources. As an example, a scab caused by a gagger 
too close to pattern. The source is molding sand and 
it must be classified as man-made. Conversely, an ex- 
pansion scab due to mold wall fracturing has as its 
source molding sand also but it must be classified as 
molding sand-made. 

The man-made losses are much more numerous 
than source-made losses. Take for example the 
source of molding sand losses. In the tables there 
are listed 101 molding sand man-made losses and 
29 molding sand-made losses. This illustrates the im- 
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portance of delegating a well trained staff on the 
control of losses that are man-made by the human 
variable. 


3 — Programming the Cause 


At this stage of programming the reduction of loss 
we have determined the source and have classified 
it as to whether the loss comes directly from failure 
of our source or whether it is man-made. The third 
step is to reason the cause. In man-made classifi- 
cation, the cause may be failure to follow instruc- 
tions or not instructed correctly. 

In the case of source-made classification, for ex- 
ample, molding sand-made losses, the cause of ex- 
pansion losses such as a scab, is the rate of expan- 
sion of sand greater than the rate of hot deformation. 


4— Programming According to Correction 

After the cause is determined a fourth step is 
taken — correction. The correction of the loss is an 
important step in the program. Some corrective 
step must be taken and that step must be com- 
manded. Have a clear and precise correction formu- 
lated and then execute it so as to remove the cause 
by certain changes. 


5 — Programming According to Changes 

Step 4 left us with a precise formulated correc- 
tion, and now as to its execution a certain change 
must be made. Thus, step 5 is to make a definite 
change. Whether the loss is man-made or source- 
made, a change must be made to eliminate a loss. 
The change made must be corrective and precise. 


APPLICATION 


Illustrating the application of the suggested loss 
reduction program may be best accomplished by 
first taking as an example, the source-molding sand. 
All the losses of molding sand are divided into the 
two classifications, molding sand-made and molding 
sand man-made. The molding sand-made losses are 
tabulated in Tables | to 6, inclusive. The molding 
sand man-made losses are tabulated in Tables 7 to 12, 
inclusive. 


Molding Sand-Made Losses 


The dirt inclusion losses which have their source 
as molding sand are caused by a failure of the 
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molding sand. Table 1 can be used to illustrate the 
application of the loss reduction program. 

Table | shows three types of dirt inclusion losses — 
erosion, sand inclusion and sand holes. The cause 
is shown as metal erosion of the mold surface. If 
the sand inclusion was present due to any other 
cause, it would be a molding sand man-made loss 
and should be included in losses tabulated in man- 
made losses Tables 7 to 12, inclusive. 

Proceeding with the molding sand-made loss in 
Table 1, with cause prescribed, the next step shown 
is correction. The corrections shown are—increase 
green strength, air-set strength, dry strength and hot 


TABLE 1— MOLDING SAND-MADE DIRT 
INCLUSION LOSSES 





Type: Erosion — sand inclusion — sand holes. 

Cause: Metal erosion of mold surface. 

Correction: Increase green, air-set and dry strength and 
hot toughness. 

Sand Change: 


1. Temper sand to 0.016 in. to 0.018 in. green 
ultimate deformation except steel, 0.022 in. 
to 0.025 in. 


2. Run 14 to 18 psi green compressive strength. 
. Add dextrine if air-set is below 20 psi. 


. Run 60 to 125 psi dry strength. Add cereal if 
necessary. 


. Increase hot strength with Western bentonite 
or clay additions. 





TABLE 2— MOLDING SAND-MADE BLOW LOSSES 





Type: Surface blow — gas hole in metal. 


Cause: Gas pressure at metal-mold interface greater 
than molten metal pressure. 


Correction: Cause gas pressure of sand to be less 
than molten metal pressure. 
Sand Change: 

. Increase permeability of sand. 

. Run green compressive strength at 14 to 18 
psi and temper sand to 0.016 to 0.018 in. 
ultimate green deformation to avoid excess 
mechanical moisture. 


. Increase molten metal pressure head. 


. Reduce gas producing ingredients. 





TABLE 3— MOLDING SAND-MADE MOLD 
WALL FRACTURE LOSSES 





Type: Rat tail — buckle — expansion scab — fracture dirt. 
Cause: Expansion greater than hot deformation. 


Correction: Decrease 1 Ib loaded expansion above 0.007 in. 
for iron and non-ferrous; decrease restraining 
load below 50 psi for steel. 


Sand Change: 
. Limit fines under 8 to 12 per cent. 


, Add 1 to 2 per cent Flour. 


. Add 1 to 2 per cent corn cereal binder or 
carbonaceous material. 


. Use special sand, i.e., carbon-chamott-sil- 


limanite or zircon. 


TABLE 4— MOLDING SAND-MADE MOLD 
WALL MOVEMENT LOSSES 





Type: Casting over-weight — low casting density — poor dimen- 
sional tolerances — some shrinks — swells. 
Cause: Sand will not sustain metal weight. 
Correction: Decrease creep deformation under 0.003 in. at 5 psi — 
2 min. 
Sand Change: 
. Run green compressive strength at 14 to 18 
psi. 
. Temper to 0.016 to 0.018 in. ultimate green 
deformation. 


. Run ample fines up near mold wall fracture 
percentage. 
4. Add 1 to 2 per cent cellulose material. 
5. Add 4 to 6 per cent sea coal for iron. 


5. Add flowability increasing ingredient. 





TABLE 5— MOLDING SAND-MADE 
PENETRATION LOSSES 





Type: Metal penetration — penetration burn-on. 


Cause: 


. Excess void size. 


I 
2. Excess oxidizing atmosphere. 
3 


. Excess metal pressure. 
Correction: 
. Reduce size of voids on mold wall. 
. Displace oxidizing gases at metal-mold interface. 
. Decrease molten metal pressure head. 
Sand Change: 


. Decrease grain size — lower permeability. 
. Increase flowability by holding ultimate green 
deformation to 0.016 in. to 0.018 in. except 


steel 0.022 in. to 0.025 in. and running green 
compressive strength, 14 to 18 psi. 


. Use reducing additives. 


. Use insulated sprues and headers as means of 
reducing metal pressure head. 


5. Reduction of metal pressure against sand dur- 
ing metal expansion cycle. 





TABLE 6— MOLDING SAND-MADE ROUGH 
CASTING FINISH LOSS 





Type: Roughness — coarse finish. 
Cause: Coarse mold surface. 
Correction: 


1. Increase fineness. 
2. Use protective coating. 
3. Increase green strength to attain higher hardness. 
Sand Change: 
. Use finer sand — watch distribution. 
. Add facing material to sand. 
. Apply mold coating. 
. Increase green strength, 14 to 18 psi. 


5. Temper sand to 0.016 in. to 0.018 in. ultimate 
green deformation. 
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toughness. Any one of the strength factors shown 
may be deficient. 

Thus, the task is to determine which one of the 
strength factors is at fault. This determination can 
best be made after all strengh test data are studied. 
Sand erosion in the hot region is not a factor of 
hot strength alone but also of hot deformation. Thus, 
the two factors must be considered together as hot 
toughness. 

The sand changes suggested in Table | for correc- 
tion of dirt inclusion of molding sand-made losses 
are five in number. Make the sand changes as shown 
to correct the deficient strength factor as found by 
sand tests. For example, sand change, the air-set 
strength was found to be below 20 psi. The change 


TABLE 7— MOLDING SAND MAN-MADE 
DIRT INCLUSIONS LOSSES 





Type: Erosion — sand inclusions — sand hole. 

Causes: 

. Poor gating equipment, no draft, fin producing areas 
and joints. 

. Failure to keep sprue filled with metal. 

. No choke on trap in gating system. 

. Dirt left in gating system. 

. Dirt left in mold. 

. Crush at parting. 

. Crush at print. 

. Low mold hardness due to soft ramming. 

. Dirt kicked in mold. 

. Dirt from overhead beams. 


2 
3 
4 
5 
6 
7 
8 
9 


= s 


. Dirt blown in mold. 


nN 


. Excess dry parting. 


yo 


. Excess paste or putty at joints. 


— 


. Dry sand. 

. Poorly mixed sand. 

. Hot sand dried out. 

. Poorly cut gates. 

. Ingate too thick. 

. Sprue too close to flask. 

. Failure to use strainer. 

. Cuff of shirt sleeve scuffing mold. 

. Foreign material in sand. 

. Using dried out sand. 

. Dry sand from bin corners. 

. Excess dry mold dusting material. 

. Crush due to use of excess seal at prints. 
. Ram-off dirt. 

. Push-up drag from bottom boards. 

29. Warped flask causing crush. 

30. Flask not down on pattern plate. 

$1. Bridging in sand bins. 

$2. Accumulation of dried out sand in hoppers. 
33. Caking of sand on mixer walls. 


34. Using soured sand. 
Correction: Control human variable. 


Man Changes: 
1. Issue correct instructions. 


2. Have instructions followed. 


No. 3 suggests the use of dextrine to increase the 
air-set strength. 

A study of the other Tables (2 to 6), inclusive, 
will show steps suggested for other molding sand- 
made losses. Their application for the reduction of 
losses may be used as a guide, remembering that 
they are in a simplified form and in their applica- 
tion, much thought must be given to inter-linking ef- 
fects on other sand working properties. 


TABLE 8 — MOLDING SAND MAN-MADE 
BLOW LOSSES 





Type: Blow on surface — blow in metal. 
Causes: 
. Excess swabbing. 
Wet sand from sprinkling. 
. Wet rusty chill. 
. Wet gagger. 
. Excess water on flask. 
5. Excess liquid parting. 
Too hard tooling. 
Wet Putty. 
insufficient venting where required. 
Bottom board not vented where required. 
Sand bed too tight. 
. Excess facing material. 
Insufficient drying of skin dried mold. 
Wet mold coating. 
. Facing material mixed nonuniformly. 
Correction: Control human variable. 
Mer. Changes: 
1. Issue correct instructions. 


2. Have instructions followed. 





TABLE 9— MOLDING SAND MAN-MADE 
MOLD WALL FRACTURE LOSSES 





Type: Buckle — scab — fracture losses. 
Causes: 
. Excess tooling. 
. Gagger too close to pattern. 
. Bar too close to pattern. 
. Butt rammed too close to pattern. 
. Large flat area not relieved by change in plane. 
. Non-uniform mold hardness. 


. Excess moisture in low strength sands coupled with 
hard ramming. 


. Failure to add cellulose or combustible material in 
sand mixer. 


. Not riddling sand if lumpy. 
10. Insufficient nails where nailing is practiced. 
11. Insufficient venting where such is practiced. 
12. Added wrong ingredients to the sand. 
Correction: Control human variable. 
Man Changes: 
1, Issue correct instructions. 
2. Have instructions followed. 
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Molding Sand Man-Made Losses 


The losses experienced from the molding sand 
source, but classified or charged to man-made, are 
large in number. The utmost care can be practiced 
in the selection of equipment or materials and all 
to no saving should the human variable be in con- 
trol. The control must be in both the equipment- 
material and in the human variable. 


Table 7 lists 34 causes of casting loss due to dirt 


TABLE 10— MOLDING SAND MAN-MADE 
MOLD WALL MOVEMENT LOSSES 





Type: Excess casting weight — low casting density — poor dimen 
sional tolerances — swells — some shrinks 


Causes: 
. Sand segregation. 
. Insufficient ramming energy available. 
. Insufficient air pressure 
Jolt machine whip. 
5. Failure to move sand slinger head fast enough 
). Failure to tuck where required. 


. Failure to use contoured squeeze board where re 
quired. 


. Non-uniform filling of flask with sand over pattern 
. Insufficient jolting. 


. Failure to hold squeezing time constant 


. Squeeze board catches on flask 


. Variable quantity of sand in flask. 
. Poor selection of up-set on flask 
. Flask too close to pattern. 
Correction: Control human variable 
Man Changes: 
1. Issue correct instructions 


2. Have instructions followed 





inclusion for the molding sand man-made losses. The 
type of loss is the same, namely, erosion, sand in- 
clusions and sand hole, as for the dirt inclusion 
losses shown in Table | for the molding sand-made 
losses. They are the same source since the inclu- 
sion is molding sand and the type is the same loss. 
However, they are man-made which distinction must 
be made. It is of utmost importance in a loss re- 
duction program to make this distinction. 

The causes of man-made losses are sometimes dif- 
ficult to pin down, for example, dirt inclusicn loss 
which is composed of molding sand. If the sand is 
not eroded from the mold surface then it is man- 
made. Study the 34 causes (Table 7) which are 
chargeable to man. Determine the right cause by a 
process of elimination if no better method presents 
itself. 

The next step is to make the correction by con- 
trolling the human variable. This incurs a man 
change, whereby the correct instructions are first de- 
termined and then see that the instructions are fol- 


TABLE 11— MOLDING SAND MAN-MADE 
PENETRATION LOSSES 





Type: Metal penetration — penetration burn-on. 
Causes: 
. Insufficient ramming. 
. Excess toughness of sand. 
. Excess cope height. 
. Coarse sand from sand segregation. 
. Failure to check fineness of incoming sand. 
). Insufficient mold coating. 
. Insufficient drying of mold coating. 
. Excess squeeze pressure on mold surface due to metal 
expanding on setting. 
9. Using wrong sand mix. 
Correction: Control human variable. 
Man Changes: 


1. Issue correct instructions. 
2. Have instructions followed. 





lowed. This is easier said than done, but yet pos- 
sible. 


CONCLUSION 

Improving the quality of castings requires a well 
directed plan. A systematic and orderly program in- 
stituted along the line of the program tables given 
in this paper will be found helpful. The program 
must be applied and simple; as outlined it has been 
simplified to the greatest degree. Thus, in their 
use, additional thought should be given to guide 
their application to the problem at hand. 


TABLE 12— MOLDING SAND MAN-MADE 
ROUGH CASTING SURFACE LOSS 





Type: Roughness — coarse finish. 
Causes: 
. Failure to use facing material. 
2. Insufficient facing material. 
. Coarse sand from segregation. 
. Wet sand sticking to pattern. 
. Insufficient mold hardness. 
). Failure to use parting. 
. Cold pattern causing sticking. 
. Failure to riddle sand on pattern. 
. Failure to use aerator in sand system. 
. Hot sand sticking on pattern. 
. Lumpy sand. 
. Pattern too close to flask. 
. Damaging pattern with rammer 
. Using rough pattern. 
. Poor fitting fillets on pattern. 
3. Poor draft on pattern. 
. Using dried out sand. 
Correction: Control human variable. 
Man Changes: 


1. Issue correct instructions. 
2. Have instructions followed. 
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ALUMINUM CASTING ALLOYS 
PROPERTIES IMPROVEMENT 
BY GRAIN REFINING 


by K. Schneider 


ABSTRACT 


The properties of aluminum casting alloys may not 
only be changed by altering their composition or, in 
the case of heat treatable alloys, by a thermal treat- 
ment, but also by influencing their crystalline struc- 
ture. This may be achieved either by controlling the 
cooling conditions during solidification or by meking 
additions influencing the formation of the structure. 
Fine grained castings in general show more favorable 
technological properties than those having a coarse 
grained structure. 

The theoretical conditions under which aluminum 
alloys may be grain refined by adding a nucleant are 
discussed. 

It is reported on investigations regarding the grain 
refinement of hypereutectic aluminum-silicon alloys by 
means of phosphorus bearing nucleants as well as on 
the development of a grain refining agent on this basis, 
and the conditions for its most efficient application 
are given. Reference is made to the effect of small 
quantities of sodium and calcium in hypereutectic 
aluminum-silicon alloys on the grain refinement of 
these alloys. Also pointed out is the importance of 
grain refinement for the use of hypereutectic alumi- 
num-silicon alloys in the production of pistons. 

A method is described for grain refining aluminum- 
magnesium alloys by treating them with chlorides of 
carbon, above all carbon tetrachloride which is intro- 
duced into the metal melt by means of an inert carrier 
gas. The tests were carried out on alloys containing 2 
to 8.5 per cent magnesium. The improvement of 
mechanical properties achieved by the grain refining 
treatment is indicated. 


INTRODUCTION 

Pure aluminum has comparatively low strength 
properties and relatively poor castability. For this 
reason it is only used to a limited extent in the pro- 
duction of castings for special purposes where par- 
ticular properties, such as especially good electrical 
conductivity or maximum resistance to corrosion, are 
required. The properties of pure aluminum can, how- 
ever, be altered substantially by adding one or sev- 
eral metals as alloying constituents. 

Therefore, aluminum alloys are used in the foundry 
which have properties superior to those of pure alu- 
minum in castability, free-cutting characteristics, 
strength and hardness, thermal expansion, resistance 
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to chemical attack, thermal conductivity or strength 
at elevated temperatures. 

The properties of aluminum alloys may, however, 
only be influenced by the addition of various alloy- 
ing elements, but also by other factors. Thus, ultimate 
tensile stress and proof stress of heat treatable alloys 
may be improved considerably by a thermal treat- 
ment. Technological properties are to a certain de- 
gree also dependent on the crystalline structure of 
the alloy. Tests have shown that, e.g., tensile strength 
and elongation are improved by 8 to 10 per cent in 
the case of alloys solidified in fine grains compared to 
coarse grained castings. 

While with the multitude of known casting alloys 
the possibility of improving their properties by alter- 
ing the levels of alloying elements is almost exhausted, 
there is still a way to achieve this aim by influencing 
the crystalline structure during its formation when 
the melt solidifies. 


GRAIN SIZE CONTROL OF 
ALUMINUM ALLOYS 

Slow cooling of the melt initiates crystallization at 
the mold wall, the nuclei produced preferably grow- 
ing into the melt in the form of columnar crystals. 
Rapid cooling, on the other hand, yields a high rate 
of crystalline growth; as a consequence, fine grains are 
formed while orientated crystallization is prevented. 
Use of this fact is frequently made in practice. It is 
extremely difficult, however, and on intricate molds 
next to impossible to obtain uniform cooling condi- 
tions over the entire cross-section of a casting. An at- 
tempt has therefore been made to find another way 
to produce fine grains. 

Considering the possible approaches to this prob- 
lem, the mechanism of freezing in a metal melt should 
be briefly recalled. Pure aluminum, as well as eutec- 
tic alloys, solidifies at an approximately fixed tem- 
perature forming uniform crystals. All other alloys 
have a freezing range in which not only pure metal 
crystals but also a variety of solid solutions are pre- 
cipitated. If, therefore, the crystalline structure is to 
be influenced during solidification, the methods used 
for pure aluminum and eutectic alloys must be differ- 
ent from those applicable to the remaining types of 
alloys. 

It is a well-known fact that slow freezing produces 
large crystals, the crystals being the larger the purer 
the melt. If, however, nuclei are introduced into un- 





dercooled melts to initiate sudden freezing, a fine 
grained structure is produced, the number of crystals 
forming being dependent on the number of nuclei. 

This phenomenon is made use of in the so-called 
modification of eutectic aluminum-silicon alloys. In 
the as-cast condition they have a coarse structure in 
which aluminum-silicon crystals are embedded. Add- 
ing sodium to the melt effects undercooling; the re- 
sult is a solidification in a fine grained form of the 
aluminum-silicon eutectic with embedded primary 
aluminum-silicon crystals. 


Solid Solution Crystals 

In other than eutectic alloys there are, apart from 
crystals of the pure metal, numerous solid solution 
crystals of various shapes, which, e.g., may have face- 
centered cubic or hexagonal crystal structure. If these 
crystals are to be influenced during solidification of 
the melt by the addition of agents, the nuclei pro- 
duced must have a higher melting point than the 
metal, i.e., they must not be dissolved unless they 
precipitate again prior to solidification of the metal. 

Furthermore, a certain crystallographic similarity 
between the nuclei and the solidifying metal is nec- 
essary; the two crystal structures should have lattice 
planes exhibiting the same arrangement of atoms and 
approximately equal interatomic spacing.! Thus, for 
instance, crystals with a hexagonal space lattice can 
act as precipitation nuclei for aluminum which forms 
crystals of the face-centered cubic system, if the dif- 
ference between the smallest interatomic spacings of 
the two crystals is, in one dimension, less than 15 
per cent.? 

Therefore, depending upon the alloy to be grain 
refined, different agents have to be used. By applying 
several nucleants at the same time, various types of 
crystals in an alloy can be grain refined. 

Recently, some success has been achieved in devel- 
oping grain refining methods for hypereutectic alu- 
minum-silicon and aluminum-magnesium alloys; these 
tests will be extended to include other aluminum al- 
loys. 

GRAIN REFINEMENT OF HYPEREUTECTIC 
ALUMINUM-SILICON ALLOYS 

Hypereutectic aluminum-silicon alloys have been 
used in Europe in recent years to an ever increasing 
extent for the production of pistons in internal com- 
bustion engines. These alloys in addition to 17 to 25 
per cent silicon may also contain copper, nickel, mag- 
nesium, chromium, cobalt and other metals; they 
offer the advantage of having especially good anti- 
friction properties and low thermal expansion. 

When these alloys are cast, the primary silicon 
tends to form in large crystals, as is illustrated in 
Fig. 1 showing the structure of an aluminum-silicon 
alloy with 23 per cent silicon. This characteristic has 
an unfavorable effect on castability, and also on the 
technological properties and machinability. 

In order to obtain fine, uniformly distributed sili- 
con crystals upon solidification, a grain refining agent 
must be added to the molten metal which, as was men- 
tioned above, should have the same crystal structure 
and approximately the same lattice spacing as silicon. 
Aluminum phosphide fulfils this condition; its struc- 


Fig. 1— Structure of aluminum-silicon casting alloy 
containing 23 per cent silicon. 100 X. 


ture is also cubic and its lattice spacing of a = 5.45 
Angstrom is approximately the same as that of silicon 
where a = 5.42 Angstrom. 

Therefore, phosphorus has for a long time been 
used for refining hypereutectic aluminum-silicon al- 
loys. When added to the melt the phosphorus reacts 
with aluminum forming finely distributed aluminum 
phosphide. In practice, the addition of phosphorus 
is made in the form of phosphor copper. This pro- 
duces a certain increase of the copper content in the 
alloy. 

In order to avoid this, phosphorus may be intro- 
duced into the melt in the form of phosphorus penta- 
chloride. This salt, however, is highly hygroscopic 
and easily decomposed. It sublimes at a temperature 
as low as 212 F (100 C), and, therefore, must be han- 
dled carefully. Besides, unpleasant fumes are evolved 
when it is applied. 


Sodium Phosphide-Aluminum Powder Mixture 


For this reason, it has been suggested to use a mix- 
ture of sodium phosphide and aluminum powder 
for refining hypereutectic aluminum-silicon alloys.% 
At the temperature of the molten metal, a chemical 
reaction takes place by which aluminum phosphide is 
formed; the aluminum phosphide nuclei are pro- 
duced in the melt in an especially effective form and 
are finely distributed. Experience, however, has shown 
that it is not always possible to obtain good results 
by this method. 

This is attributed to the use of sodium phosphide 
as the carrier substance for phosphorus. The affinity 
of sodium for phosphorus at the temperature of the 
metal melt is greater than that of phosphorus for alu- 
minum. Aluminum phosphide formed at the high 
temperature of the chemical reaction is partly re- 
transformed into sodium phosphide at the lower tem- 
perature of the melt and part of the phosphorus is 
lost for nucleation. 


Furthermore, a grain refining agent containing only 
phosphorus can exclusively influence the primary sil- 
icon crystals, but not the matrix. 

For obtaining optimum grain refining effects in 
hypereutectic aluminum-silicon alloys, a sodium-free 
agent should be used which, apart from phosphorus, 
contains also a nucleant for the matrix. Since it is 
known that small amounts of titanium improve the 
formation of nuclei effecting a refinement of the a 
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Fig. 2— Structure of aluminum-silicon casting alloy 
containing 17 per cent silicon. Top — untreated; bot- 
tom — refined. 100 X. 


solid solution, it has been proposed+ to use a grain 
refining agent which contains red phosphorus as car- 
rier substance for phosphorus and potassium-titanium- 
fluoride as carrier for titanium. 

This mixture is ground together with potassium- 
chloride serving as carrier salt for the red phosphorus, 
and as a purifying agent for the melt at the same 
time. 

Tests were made with hypereutectic aluminum-sili- 
con alloys containing 17 and 23 per cent silicon. Their 
composition is given in Table |. 

By means of a plunger 0.8 to | per cent of the 
grain refining medium is introduced into the melt 
heated to 1435 F (780C), and after turbulence has 
ceased the alloy is cast at 1380 to 1420F (750 to 
770.C). The result obtained is clearly exhibited in 
Fig. 2, which shows on the top the structure of an 
untreated and on the bottom that of a refined alumi- 
num-17 per cent silicon alloy. Figure 3 illustrates the 
same effect for an aluminum-23 per cent silicon alloy. 


The particle size of the grain refining mixture is 


Fig. 3 — Structure of aluminum-silicon casting alloy 
containing 23 per cent silicon. Top — untreated; bottom 
— refined. 100 X. 
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TABLE 1— CHEMICAL COMPOSITION OF 
HYPEREUTECTIC ALUMINUM-SILICON ALLOYS 
Casting Alloy Composition, %, 
Element . AISi 17 AlSi 23 
0.8-1.2 0.8-1.2 
0.7-1.2 0.7-1.2 
0.4-0.6 <0.2 
16.4-17.5 22-25 
<0.8 <08 
<0.2 <0.2 
<0.2 <0.2 
3.2-3.6 0.8-1.0 
0.4-0.6 0.4-0.6 
remainder remainder 














of decisive importance for its effectiveness in nucle- 
ation. Optimum results are obtained, when the 
length of the salt crystals is between 20 to 60 microns. 
Coarser mixtures clearly produce less favorable grain 
refining effects. This is illustrated in Fig. 4. The 
structure on the top is that of an untreated alumi- 
num-silicon alloy with 17 per cent silicon. The al- 
loy shown in the middle was refined with a mixture 
of salt crystals having a partical size of 140 to 600 
microns, while the salt crystals in the grain refining 
mixture used for treating the alloy on the bottom 
were of 20 to 60 microns size. 

It proved to be of advantage to flux the melt with 
chlorine after the grain refining treatment prior to 
casting. The aluminum phosphide nuclei are acti- 
vated favoring the formation of many small crystals. 
About 200 liters of chlorine gas are bubbled through 
a 150 kg melt at a temperature of 1380 to 1420F 
(750 to 770C). The effect of such a treatment is 
illustrated in Fig. 5, which shows the structure of a 
refined aluminum-23 per cent silicon alloy prior to 
the chlorine gas treatment on the top and after it on 
the bottom. 

If the refined molten alloy is held at the casting 
temperature of 1380 to 1420 F (750 to 770C) for a 
prolonged period, the grain refining effect is partly 
lost. By repeating the chlorine gas treatment, how- 
ever, the fine distribution of the primary silicon crys- 
tals can be re-established so that a new grain refin- 
ing treatment is not necessary. 


Sodium Content Effect 


As already mentioned, the sodium content has a 
deleterious effect on the grain size when hypereutec- 
tic aluminum-silicon alloys are treated with a phos- 
phorus-bearing grain refining agent. This is confirmed 
by unpublished experiments carried out by J. Sulzer 
and V. J. Zabek; the outcome of their work is com- 
piled in Table 2. With 0.001 per cent sodium in the 
original alloy the average grain size of the primary 
silicon was 25 microns in aluminum-20 per cent sili- 
con alloys which were treated with a mixture of red 
phosphorus, potassium chloride and _ potassium-tita- 
nium-fluoride, while with a sodium content of 0.015 
per cent an average grain size of 45 microns was 
obtained. Calcium has a similar effect. 

For this reason, if hypereutectic aluminum-silicon 
alloys contain sodium or calcium, which generally is 
not the case, these elements would have to be re- 





moved by chlorine fluxing prior to the grain refin- 
ing treatment. 

The extent to which hypereutectic aluminum-sili- 
con alloys are used at the present time for pistons 
in internal combustion engines in Europe has only 
become possible due to the development of grain 
refining methods which can easily be applied and 
always yield good reproducible results. The fine 
grained structure of hypereutectic aluminum-silicon 
piston alloys is of special importance for their ma- 
chinability. 


Excessive Tool Wear 


When large primary silicon crystals are unevenly 
distributed the hard silicon causes excessive wear of 
the tools. The service life of the tools is thus re- 
duced, and uneven heating of the workpiece may 
occur. With the mean linear thermal expansion of 
the alloy being 17.5 x 10 mm/mm C in additional 
rise in temperature of 10C on a piston having a 100 
mm diameter means a variation in diameter of 0.0175 
mm. This, however, is more than the permissible lim- 
it in piston machining. 

On machining fine grained alloys, on the other 
hand, differences in temperature occur to a lesser 
degree; the chips are more uniform and the service 
life of the tools is improved. 


The fine grain size of hypereutectic aluminum-sil- 
icon alloys is of decisive importance for the surface 
quality of the machined pistons. In the case of a 


coarse distribution of the primary silicon crystals they 
tend to be torn out of their environment so that a 
rough surface results, while with a fine homoge- 
neous distribution of the crystals a considerably 
smoother surface is obtained. 

The effect of grain refinement on surface quality is 
demonstrated by measurements taken with the Leitz 
roughness gage, which are shown in Table 3. The 
surface roughness is also of importance regarding 


TABLE 2— SODIUM AND CALCIUM EFFECT IN AN 

ALUMINUM-20 PER CENT SILICON ALLOY (On the 

Refinement of the Primary Silicon with a Mixture of Red 

Phosphorus, Potassium-Chlocride and Potassium-Titanium- 
Fluoride ) 


Na Content NaContent CaContent CaContent Avg. Dimen- 
before after before after sion of 
Nucleation, Nucleation, Nucleation, Nucleation, Primary 
% i % % Silicon, p 
<0.001 < <0.001 < 0.001 25 
0.007 : <0.001 <0.001 35 
0.008 i <0.001 < 0.001 $2 
0.015 , < 0.001 <0.001 45 
< 0.001 0.004 0.002 25 
<0.001 <0: 0.019 0.011 30 
0.017 j 0.017 0.005 35 











TABLE 3— SURFACE ROUGHNESS OF MACHINED 
PISTON ALLOYS IN MICRONS 


Casting Grain Rough Fine Turned with 
Alloy _ Distribution Turned Turned Diamond-Tipped Tool 


AlSi 17 untreated 5 3 2.5 
refined 3 2 12 
AISi 23 untreated 6 4 4.5 
refined 15 











Fig. 4— Particle size of grain refining agent effect on 
the structure of an aluminum-silicon casting alloy with 
17 per cent silicon. Top — untreated; center — refined, 
edge length of grain refining agent being 140 to 600 
microns; bottom — refined, edge length of grain re- 
fining agent being 20 to 60 microns. 100 X. 


running properties of pistons, gas blow-by and oil con- 
sumption. 

The technological properties of the hypereutectic 
aluminum-silicon alloys are also considerably im- 
proved by the grain refining treatment. At 70 F (20 C) 
and after heating for | hr at 570 F (300 C), alloys con- 
taining 17 to 23 per cent silicon exhibit an increase 
in tensile strength of 10 to 15 per cent and of 25 
per cent in elongation. This is of great importance 
for the use of these alloys in the production of pis- 
tons. 


Other possible applications of these alloys are un- 
der study. Quite recently, a number of tests have 


Fig. 5— Structure of aluminum-silicon casting alloy 
containing 23 per cent silicon, treated with grain re- 
fining agent. Top without and bottom with subsequent 
chlorine gas treatment. 100 X. 
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been carried out in Europe using this type of alloy 
for making cylinders and cylinder blocks. It was 
hoped that, in view of the good anti-friction proper- 
ties of these alloys, the pistons could run directly in 
the aluminum cylinders. The outcome, however, fell 
somewhat short of expectations. It seems preferable to 
make cylinders and cylinder heads of other aluminum 
alloys and to insert cast iron liners. 


GRAIN REFINEMENT OF 
ALUMINUM-MAGNESIUM ALLOYS 

Aluminum diboride (AIB,), titanium carbide (TiC) 
and titanium diboride (TiB,) are reported to be 
especially effective nucleants for aluminum alloys.5 
In Table 4 the characteristics of these nucleants are 
shown.& 

Magnesium bearing aluminum casting alloys gen- 
erally contain sufficient quantities of titanium and 
boron to effect grain refinement. It is, however, im- 
portant that titanium carbide and/or titanium di- 
boride are formed so that they are surface active and 
that the nuclei created are kept finely dispersed and 
are prevented from segregating. 

In view of the experience gained in refining hyper- 
eutectic aluminum-silicon alloys, it seemed advisable 
to effect nucleation also in aluminum-magnesium 
alloys by means of a chemical reaction in the molten 
metal. When gases containing carbon are passed 
through the aluminum they are decomposed, and the 
extremely finely distributed atomic carbon reacts 
with the titanium present in the melt forming tita- 
nium carbide; the formation of titanium diboride 
also seems to be favored by the reactions taking place 
in the melt. . 

The use of hydrogen-containing gases, such as meth- 
ane, did not prove to be successful, as the hydrogen 
released in the reaction between methane and alu- 
minum is rapidly absorbed by the melt and this re- 
sults in porous castings. Compounds containing chlo- 
rine and carbon, among them especially carbon tetra- 
chloride, on the other hand, are suitable for grain 
refining aluminum-magnesium alloys. Carbon tetra- 
chloride is not combustible and does not form an ex- 
plosive mixture with air. Its boiling point is 172.4 F 
(78 C). 

Carbon tetrachloride can thus easily be introduced 
into the melt in the gaseous phase with the aid of a 
TABLE 4— CRYSTALLOGRAPHIC CHARACTERISTICS 

OF NUCLEI 


Smallest Devia- 
Lattice Inter- tion 
Param- atomic from Melting 
Space eter, Ang- Spacing, Alumi- Point, 
Phase Lattice Type strom Angstrom num,% _ F (C) 


Al face- Al a=4.04 2.82 1220 
centered (660) 
cubic 

TiC  face- Bl y : =5800 
centered = 3200) 
cubic 

TiB: densest C $2 a=3.026 ! ; =5250 
hexagonal c=3.213 (~2900) 
packing 

AIBy densest C 32 a=3.0 
hexagonal c=3.25 
packing 








=~ 4900 
(=~2700) 
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preheated carrier gas. Nitrogen proved to be success 
ful as carrier gas. Chlorine or other inert gases may 
also be used for this purpose. When chlorine is em- 
ployed as carrier gas it must be borne in mind, how- 
ever, that magnesium in aluminum alloys reacts 
with the chlorine forming magnesium chloride which 
is partly removed from the melt, so that the loss 
has to be made up by the addition of metallic mag- 
nesium in order to maintain the composition of the 
alloy. 


Aluminum-Magnesium Alloy Tests 


Tests were carried out on an aluminum-magnesium 
alloy containing 4.5 to 5.5 per cent magnesium, 0.1 
to 0.6 per cent manganese, 0.6 to 1.5 per cent silicon, 
maximum of 0.6 per cent iron, 0.6 per cent copper, 
0.2 per cent zinc, 0.2 per cent titanium and 0.001 
per cent beryllium as well as approximately 0.0005 
per cent boron, the remainder being aluminum. Of 
this alloy 100 kg were melted, and at 1360 F (740 C) 
100 liters of nitrogen gas at 175 F (80C) enriched 
with carbon tetrachloride were passed through the 
metal. 

Thus, 50 cc of carbon tetrachloride were intro- 
duced into the melt; this amount corresponds to 4 g 
of carbon which is sufficient to effect satisfactory re- 
finement. Simultaneously 15 liters of chlorine gas were 
formed in the melt which, as a consequence of its 
fine distribution, affects an especially good degas- 
sing and purification of the melt. In order to remove 
residual gases from the melt, the introduction of 
nitrogen containing carbon tetrachloride is followed 
by a short chlorine gas treatment. 

The grain refining effect of the method described 
is shown in Fig. 6. The difference in the fractured 
structure of an untreated aluminum-magnesium al- 
loy and that of a refined alloy is clearly revealed. 
Figure 7, showing the microstructure of the same 
samples, also illustrates the difference in grain size 
and distribution. 

Similar results as for the aluminum-magnesium al- 
loys containing 4.5 to 5.5 per cent magnesium were 
obtained on aluminum-magnesium alloys with 2 to 
8.5 per cent magnesium. Only with higher magne- 
sium contents was the grain refining action of the car- 
bon tetrachloride treatment no longer fully effective. 

In the case of aluminum-magnesium alloys the fine 
grained structure has also a favorable effect on the 
technological properties, especially on tensile strength 
at elevated temperatures. As can be seen from Table 
5, a fine grained alloy shows a more slight decline in 
tensile strength and a more slight increase in elonga- 
tion with rising temperatures over the range from 70 
to 570 F (20 to 300C) than an unrefined alloy. 

The notched bar impact strength of the alloy 
treated with carbon tetrachloride at 570 F (300) is 
22.4 ft-lb/sq in. (48 cm kg/cm’), and exceeds that 
of the untreated alloy by 8 per cent. The values of 
creep strength at room temperature are likewise 
higher, the increase amounting to 12 to 15 per cent. 

As aluminum-magnesium alloys are preferably used 
for making cylinder heads for air-cooled internal com- 
bustion engines, the increase in tensile strength at 
elevated temperatures obtained by grain refinement 





TABLE 5— MECHANICAL PROPERTIES OF ALUMI- 
NUM-MAGNESIUM ALLOYS CONTAINING 4.5 TO 5.5 
PER CENT MAGNESIUM 





Test Temp., F (C) 


70 480 570 
(20) (250) (300) 








0.2%, Proof Stress 
ksi 


Ultimate Tensile Strength 
Before nucleation 
ksi 
kg/mm2 
After nucleation 
ksi 


Increase, % 

Elongation on 5.65 VA,% 
Before nucleation 
After nucleation ....... 
Increase, %, 

Brinell hardness (5/250/30) 
ksi 





is of special importance. In fact, for engines sub- 
jected to high thermal stresses the use of aluminum- 
magnesium alloys for cylinder heads became only 
possible when the tensile strength at high tempera- 
tures was improved by the grain refining treatment. 


CONCLUSIONS 


Summing up the results of the tests carried out, it 
can be said that the most advantageous method for 
grain refining hypereutectic aluminum-silicon alloys 
is a treatment of the melt with a mixture of red 
phosphorus, potassium-chloride and _potassium-tita- 
nium-fluoride. The edge length of the salt crystals in 
the refining medium should be between 20 to 60 
microns. The salt treatment is to be followed by chlo- 
rine fluxing. 

If the melt treated with the grain refining agent is 
held prior to casting for a prolonged period, part of 
the grain refining effect is lost. However, it can be re- 
gained by passing chlorine gas through the melt. An- 
other treatment with the salt mixture is not necessary. 

Compared to alloys having coarse primary silicon 
crystals, hypereutectic aluminum-silicon alloys treated 
with the grain refining agent have substantially 
improved machinability, 10 to 15 per cent better ten- 
sile strength and 25 per cent higher elongation. 

To effect the formation of fine grained crystals 
in aluminum-magnesium alloys containing 2 to 8.5 
per cent magnesium, they are treated with carbon 
tetrachloride which is introduced into the melt by 
means of nitrogen as carrier gas. Small amounts of 
titanium (0.2 per cent maximum) and boron (about 
0.0005 per cent) must, however, be present in the 
aluminum-magnesium alloys. 

Compared to the coarse grained aluminum-magne- 
sium alloys, the refined alloys have improved techno- 
logical properties. The grain refining treatment has 
a favorable effect on tensile strength at elevated tem- 
peratures. In the temperature range between 70 and 
570 F (20 and 300 C) tensile strength and elongation 
are more favorable in the case of fine grained alloys 
than in the presence of coarse grains. 





Fig. 6 — Fractured structure of aluminum-magnesium 
casting alloy with 5 per cent magnesium. Top — un- 
treated; bottom — treated with carbon tetrachloride. 
[xX 
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Fig. 7 — Microstructures of aluminum-magnesium cast- 
ing alloy with 5 per cent magnesium. Top — untreated; 
bottom — treated with carbon tetrachloride. 100 X. 
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HOW DO YOU KNOW 
IT 1S DUCTILE? 


by G. F. Thomas 


ABSTRACT 

The quality control measures used by the author’s 
company in connection with as-cast ductile iron are 
outlined. The step by step procedure used includes 
pouring a sample from the bottom of the last pouring 
ladle to receive iron, checking graphite structure for 
vermicular graphite, pouring Y-block test castings from 
every tenth treatment and checking properties of test 
bars. 


INTRODUCTION 


The author’s company has been producing as-cast 
ductile iron for approximately 214 years. From the 
beginning, the company used the same method to 
establish acceptability of castings, that is, metallo- 
graphic examination of each ladle treated. One might 
say that everything made is assumed not acceptable, 
and the quality control program is set up around this 
assumption. However, until some more positive or 
practical test is developed, present method will be 
continued. Briefly, the program for “knowing it is 
ductile” is as follows. 


PROCEDURE 


The company treats 1400 to 1600 Ib of iron. This 
is transferred into one transport ladle and delivered 
to the foundry. Each transport ladle is tagged with a 
number corresponding to the number of the treat- 
ment. 

Two inspectors are permanently stationed in the 
foundry. It is their responsibility to know the ladle 
number on every casting poured, and the time inter- 
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ae. 


Fig. 1— Control micro lug core and micro lug casting. 
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val between pouring and dumping for each casting. 
These inspectors have no other duties and are sep- 
arate from the regular quality control inspectors. 


Pouring Sample 


Iron is transferred from the transport ladle to 300 
Ib teapot type pouring ladles. From the bottom of the 
last pouring ladle to receive iron, a sample measuring 
Y4-in. wide x | in. high x 3 in. long is poured into an 
open top core. Although data to substantiate this are 
lean, it is felt that this sample represents that part 
of the treatment which would be most likely to con- 
tain the worst graphite structure (Fig. 1). 


The sample is then quenched, fractured so that the 
final specimen is 14-in. wide x | in. high x | in. long, 
a flat is ground and the sample is polished through 
600 grit paper by a technician. Examination of 
graphite structure is made at 100. The total time 
between pouring and microscopic examination is of 
the order of 2 min. A lag of one to two treatments 
generally exists between knowing graphite structure 
and magnesium treatment. 


Graphite Structure 


Any trace of vermicular (or wormy) type graphite 
is reported immediately to the metallurgist so that 
corrective steps can be taken. Normally, change in 
graphite structure is gradual enough so that an excess 
of vermicular graphite can be avoided. Ten per cent 
of the graphite present may be vermicular and be 
classified acceptable. Figure 2 shows an acceptable 
graphite structure, and Fig. 3 shows an unacceptable 
structure, 20 - 30 per cent vermicular graphite. 


The author’s company has settled on the figure 10 
per cent as a result of statistical study of the effect of 
vermicular graphite on predicted physical properties 
of ductile iron.* Figures 4, 5 and 6 show the effect of 
vermicular graphite on predicted tensile strength, 
yield strength and per cent elongation. It is obvious 
from these curves that up to 10 per cent vermicular 
graphite may be tolerated with only minor reductions 
in physical properties. The minimum specification in 


*“Ductile Iron — As-Cast and Annealed Properties,” E. McCul- 
lough. J. Peck and A. Rauch, AFS TRANSACTIONS, vol. 67, p. 187 
(1959). 





Tensile Strength X 1000 psi 


Fig. 2 — Acceptable graphite structure in control micro 
casting. 
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Per Cent Vermicular Graphite 
Fig. 4 —- Average change in tensile strength to per cent 
vermicular graphite relationship in as-cast ductile iron. 
T.S. (psi) = -1380—189 (% vermicular graphite) 95% 
confidence limits = +1750. 


Yield Strength Deviation X 1000 psi 


Fig. 3— Unacceptable graphite structure in control 
micro casting. 
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Per Cent Vermicular Graphite 
Fig. 5 — Average change in yield strength to per cent 
vermicular graphite in as-cast ductile iron. Y.S.(psi) 
= -1250—65 (% vermicular graphite) 95% confidence 
limits = +710. 
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Per Cent Vermicular Graphite 


Fig. 6 — Average change in elongation to per cent 
vermicular graphite relationship in as-cast ductile iron. 
El(%) = -0.70—0.12 (% vermicular graphite) 95% 
confidence limits = +2.6. 


a 1 in. Y-block is 80,000 psi tensile strength, 53,000 
yield strength and 6 per cent elongation. 


Should 10 per cent or more vermicular graphite be 
observed in the test sample, a hold is immediately 
placed on all castings poured from that treatment, 
i.e., molds are held on conveyors and are not allowed 
to be dumped. A small casting, poured in the vicinity 
of the original sample, is immediately dumped and 
fractured for microscopic examination. The presence 
of vermicular graphite in the casting is cause for all 
castings from this treatment to be segregated. These 
castings are stored for further microscopic examina- 
tion at a more convenient time. Production is not 
delayed when this procedure is followed. 


The cause for not having absolute faith in the 
micro examination of the test sample is quite simple. 
It is often the case that the sample is taken from the 
“dregs” or last iron in the ladle. With teapot ladles 
any slag will, of course, remain on top of the iron 
until the last iron is poured from the ladle. If slag is 
not covering the iron surface in the ladle, and since 
this top surface is constantly exposed, the magnesium 
on the surface could be lost as MgO, producing a film 
of iron that is not nodular. Slag mixed in the test 
sample will be black under a microscope and appear 
to be vermicular graphite. 


Y-Block Test Castings 


In addition to the control sample poured on each 
ladle, Y-blocks are poured from every tenth treatment. 
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These vary from A.S.T.M. specifications in that they 
are 834 in. instead of 6 in. in length. This extra length 
provides a sample used for chemical analysis of the 
iron which is immediately adjacent to the test bar. 
Elements run on this sample include percentages of 
Mg, Ni, Si and Mn. Brinell hardness is also taken on 
this lug. Chilled pins are cast for analysis of per cent 
carbon and sulfur. 

A 0.505 in. tensile bar with grip ends is cut from 
the bottom | in. of the Y-block on a tracer lathe. 
Tensile strength, yield strength at 0.2 per cent offset 
and per cent elongation in 2 in. is determined on 
this bar. 

This completes the first and most important phase 
of the operation — knowing that it is ductile. 

You will note, however, that only as-cast ductile 
iron is produced. For the castings to satisfy the hard- 
ness specification, 197 - 255 Bhn, which has been pur- 
posely set up identical to the company’s pearlitic mal- 
leable iron specification, dumping time must be care- 
fully controlled. Castings must be dumped below the 
lower critical temperature of 1300 F to avoid excess 
amounts of pearlite in the matrix. Dump times range 
from 30 min up to 2 hr, according to casting section 
size. 

Originally a minimum section size of 14-in. was set 
up, feeling that Bhn could not be controlled on sec- 
tions under this size. The popular feeling now is that 
these small sections may be cast providing there is no 
machining in that area. A casting consisting entirely 
of thin sections is not acceptable however, due to the 
probable presence of carbides. 


QUALITY CONTROL CHECKS 


Quality control checks are made on Bhn to deter- 
mine if castings are within the 197 - 255 range. In the 
event castings are found above specification, the fol- 
lowing is performed. 


The casting is submitted to the metallurgist so that 
the cause of high hardness, either excess pearlite or 
the presence of carbides, may be determined. With 
excess pearlite, castings are given a sub-critical anneal 
at 1250 F for 2-3 hr and slow cooled. With carbide, 
castings are annealed at 1700 F for 2 - 3 hr. 


Soft castings are also rejected due to the low physi- 
cal properties that accompany low hardness. Soft 
castings are normalized at 1650 - 1700 F, air quenched 
and then drawn back to the desired hardness. 


Of the three heat treatments noted above, the most 
common is the sub-critical anneal; the cause in most 
cases being fast dump times. The problem revolves 
around balancing mold production, conveyor space, 
dump time and melting rate. To emphasize this point, 
an example might be worth while. One particular job 
made on small cope and drag machines required 4 
roller conveyors when it was made in pearlitic mal- 
leable iron. The job is now ductile iron and requires 
6 roller conveyors. Every effort is made to have high 
mold production, long dump time jobs poured up as 
tight as possible to avoid loss of mold production. All 
of these efforts are made for one purpose — to avoid 
premature dump time and hard castings. 





ABSTRACT 


The vacuum fluidity test was employed to determine 
the effect of superheat and metal head on the fluidity 
of 85-5-5-5 and Composition M Metal. For equal 
superheat 85-5-5-5 exhibits less fluidity than Composi- 
tion M Metal. The fluidity of 85-5-5-5 was doubled 
and Composition M Metal tripled with 400F super- 
heat. Experiments showed that at 2250 F the fluidity 
of 85-5-5-5 increased by about 90 per cent for metal 
heads between 15.7-32.7 in. of liquid copper. 

The effect of various mold coatings on alloy fluidity 
was also studied, by employing double spirals cast from 
the same gating system. 0.004 in. coatings of hexa- 
chloroethane and SnCl» on sand molds increased the 
fluidity of 85-5-5-5 and Composition M Metal by 300- 
50 per cent between pouring temperatures of 2025 F 
and 2100F. Lamp black was more effective than 
hexachloroethane or SnCl» in increasing the fluidity of 
85-5-5-5 above 2100 F and Composition M Metal at 
pouring temperatures greater than 2200 F. The insulat- 
ing properties of the mold coatings account for any 
increase in metal fluidity. 


INTRODUCTION 


Foundrymen often experience difficulty in pour- 
ing thin walled or intricately shaped castings. 
Either the castings do not fill completely or their 
strength is lowered by cold shuts and uncontrolled 
shrinkage. In bronze alloys used as valve materials 
designs previously thought too difficult to produce 
by foundry techniques may be possible if the flu- 
idity characteristics of the alloys and the influence 
of mold coatings on metal fluidity were understood. 

Fluidity, in the foundry sense, is the ability of 
molten metal to fill a mold. It can also be defined 
as the distance that liquid metal flows in some 
standard mold cavity. The foundry definition of flu- 
idity should not be confused with the more precise 
physical definition of fluidity, 1/viscosity. Fluidity, 
by the physical definition, is a unique physical con- 
stant of a metal at a certain temperature. In foundry 
terminology it is a complicated concept dependent 
not only a) on the metal concerned, but also on b) 
the mold materials, c) the mold shape and d) the 
pouring conditions. 

“Composition M” and “85-5-5-5" are common 
valve materials, but fundamental knowledge of the 
fluidities of the above alloys is limited. Therefore, 
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FLUIDITY OF 85-5-5-5 
AND COMPOSITION M METAL 
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experimental work was carried out to determine 
the effect of superheat and pressure head on the 
fluidities of the two alloys by employing the vac- 
uum fluidity test.1 Second, work was also performed 
in order to observe the influence of various sand 
mold coatings on the fluidities of the above alloys. 


LITERATURE REVIEW 


In order to study the fluidities of metals and 
alloys, and to be able to understand and predict the 
factors which affect fluidity, several tests have been 
devised to measure the ability of molten metal to 
fill standard test molds. The earliest test was em- 
ployed to measure the fluidity of commercial cast 
iron.2, The distance that cast iron filled an elon- 
gated horizontal wedge was taken as a measure of 
fluidity. Ruff’ poured metal into a long thin cylin- 
drical channel molded in sand. The channel was 
difficult to keep level and it was hard to prevent a 
mismatch of the mold. Here again though, fluidity 
was defined as the length to which the channel com- 
pletely filled before the metal solidified. 


A U-shaped test mold has also been used.4 In 
this test metal flows along a runner and into several 
vertical tubes of various cross-section. The height to 
which the tubes fill is the measure of fluidity. For 
those alloys having high fluidity, the height of the 
tube of smallest cross-section is measured. For low 
fluidity metals the height of the tube of largest cross- 
section is used as the measure of fluidity. 

Saito and Hayashi5 made the long thin channel 
test more suitable for foundry application by bending 
the channel into a spiral. Since then, the fluidity 
spiral has become the most popular type of fluidity 
test and numerous modifications of the original mold 
design have been used; the cross-section of the spiral 
has been circular, semicircular, rectangular or trape- 
zoidal, depending on the surface to volume ratio de- 
sired. 

Several researchers have studied the effect of 
chemistry on the fluidity of red brass by employing 
the spiral test specimen.®-7 Halliwell® also applied 
the fluidity spiral and noted the importance of 
metal head on the fluidity of bronze alloys. 

Flemings et al® employed a double spiral to 
study the effect of various mold coatings on the flu- 
idity of aluminum alloys. Two spirals were fed from 
a common gating system. Only one spiral was 
treated and the lengths to which each spiral filled 
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Fig. 1— Fluidity vs. composition for the aluminum- 
copper system at various pouring temperatures (Flem- 
ings, et al®). 





was compared. The same test method was utilized 
by filling two thin plates from a common gating 
system and comparing the volumes of metal that 
filled each plate after one-half of the mold was 
treated. 


Vacuum Fluidity Test 

Ragone et al! designed a vacuum fluidity test 
method which is capable of applying an instantaneous 
pressure head. Low melting point alloys were made 
to flow directly from a crucible into pyrex tubes by 
a partial vacuum applied at the free ends of the 
tubes. They were able to study the important metal 
variables in fluidity and to predict the fluidity from 
quantitative calculations. Other investigators have 
used this method in determining the fluidity of light 
metal alloys.1%11,12 The disadvantage of this test, 
from the practical foundryman’s viewpoint, is that it 
does not permit the study of the effect of mold or 
mold-metal variables on fluidity. However, the test 
is ideal for investigating the effect of metal solidifca- 
tion variables on fluidity. 

The relationship of superheat and composition to 
fluidity is shown in Fig. 1. Obviously, the hotter the 
metal when poured, the longer it takes for the metal 
to cool to temperatures at which it can no longer 
flow. The fluidities of pure metals have been found 
to double, and the fluidities of alloys have been tri- 
pled, with an increase of only 200 F superheat.!? 

Fluidity varies inversely with the freezing range of 
the alloy. The greater the temperature range be- 
tween the start and end of solidification, the less the 
fluidity. This dependence on composition is due to 
the different manner of solidification of metals having 
short freezing ranges and alloys with large freezing 
ranges.!,11,12 Therefore, for equal superheat fluidity 
is a maximum for pure metals and eutectic composi- 
tions. 
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The insulating ability of molds is important when 
considering metal fluidity. If the mold is insulating 
freezing and stoppage of flow will be delayed. Mois- 
ture content and mold facings are also important for 
their insulating abilities. Flemings et al® demon- 
strated that a thin coating of hexachloroethane on 
the mold surface tripled the fluidity of aluminum, 
because it provided an insulating layer of chlorine 
gas between the metal and mold. 


METAL FLUIDITY 


In place of a spiral mold to measure metal fluidity, 
a vacuum fluidity test has been developed whereby an 
instantaneous metal head can be applied.! This test 
eliminates sand mold and mold-metal variables, and 
presents an opportunity to study the effect of just 
metal solidification variables on fluidity. 


EXPERIMENTAL PROCEDURE 


Twenty-five Ib of 85-5-5-5 or Composition M ingot 
were melted in an MgO crucible set in a 30 lb capac- 
ity 20 kw induction furnace. Zinc losses during melt- 
ing were compensated for by adding 2 oz of zinc for 
each 25 lb of ingot melted prior to deoxidizing with 
copper-15 per cent phosphorus shot. 

Temperatures were recorded with a platinum-plat- 
inum 10 per cent rhodium thermocouple protected 
with a silica sheath. The temperatures were read from 
a Leeds-Northrup recorder which was checked with a 
Brown potentiometer before and after each experi- 
ment. 

A partial vacuum was produced in a Bell jar by a 
water pump aspirator and the pressure difference 
measured on a mercury manometer. The top of the 
jar was sealed with a rubber stopper coated with a 
viscous salve. The bottom was sealed with a 1,-in. 
thick rubber sheet coated with salve. 

The metal was brought to some high temperature 
(2375 F) and allowed to cool in the crucible. At sev- 
eral predetermined lower temperatures a vycor tube 
(0.150 in. I.D.) connected to the Bell jar was dipped 
into the melt below the slag, and the pinch cock 
opened allowing the metal to fill the tube to some dis- 
tance (Fig. 2). The vacuum (pressure head) was 
checked with a mercury manometer calibrated in in. 
of liquid copper and the used tube was replaced. A 
“head” of 19 in. of liquid copper was maintained 
throughout all of these experiments. The melt cooled 
to the next desired lower temperature and another 
sample was taken in the manner described above. Us- 
ing this procedure, five to eight fluidity samples were 
obtained with each heat before the metal was finally 
pigged. 


Fluidity Channel Analysis 


Chemical analyses were obtained after each heat 
from drillings of melt samples and from fluidity speci- 
men slices. Analyses of the fluidity channels were 
made from 14-in. long sections taken at several loca- 
tions along the specimen length. 

The pressure head was measured with a mercury 
manometer and converted to in. of liquid copper by 
use of the equation:! 
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Fig. 2 — Schematic diagram of equipment used 
to measure metal fluidity by vacuum fluidity 
test. 
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would build up the metal head more rapidly, and 
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where 


= metal head in inches of liquid Cu. 

= pressure difference in inches of Hg. 

= density of Hg. 

= density of liquid Cu. 

= difference in height of metal in cruci- 
ble and level part of tube. 


MOLD COATINGS 


The standard double spiral and plates employed by 
Flemings et al® was used to study the effect of various 
molds coated with hexachloroethane (a chlorinated 
hydrocarbon), SnCl, and lamp black on the fluidities 
of 85-5-5-5 and Composition M Metal. Figure 5 shows 
two spirals 28 in. long having a rectangular cross-sec- 
tion, 0.50 in. wide and 0.125 in. thick, which were 
fed from a common gating system. Both spirals were 
molded in the cope. The 10 in. runner, with a 1.0 x 
0.50 in. rectangular cross-section was molded in the 


Superheat Effect 


The length to which the vycor tubes filled in the 
vacuum fluidity tests is considered as the measure of 
alloy fluidity, Fluidity vs. temperature for 85-5-5-5 and 
Composition M are plotted in Fig. 3. The curves 
show that the fluidity of Composition M Metal is 
tripled and the fluidity of 85-5-5-5 is doubled 
with 400 F superheat. Between 2100 F and 2200 F the 
fluidity of 85-5-5-5 increases 18 per cent, and that of 
Composition M increases 25 per cent. Thus, in the 
temperature range of practical importance, it pays to 
pour the alloys quickly before they can cool. 


drag. 
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Metal Head Effect 


The fluidity of 85-5-5-5 at 2250 F increased about 
90 per cent when the metal head, converted to inches 
of liquid copper, was doubled. The results of the test 
are plotted in Fig. 4 for metal heads of 15.7 to $2.7 in. 
of copper. The apparatus used was not suitable 
for studying smaller metal heads, but it is expected 
that fluidity would increase slightly more rapidly with 
only small increases in pressure for metal heads be- 
low 15.7 in. 


FLUIDITY, INCHES 


A foundry may reduce its scrap loss on a casting that 
is prone to misrun by utilizing the effect of pressure 
on fluidity. An upset could be placed on the cope in 1 
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order to increase the sprue height a few inches. Bot- re 
tom pour ladles would be useful here also; or a pour- 
ing basin made of core sand might be placed on top 
of the cope to allow not only for a greater metal 


TEMPERATURE, °F 
Fig. 3 — Fluidity of 85-5-5-5 and composition M metal 
as a function of temperature (obtained by using vacuum 
fluidity test). 
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Fig. 4— Fluidity of 85-5-5-5 as a function of metal 
head measured in inches of liquid copper at 2250F. 


The large runner served to minimize turbulence 
and dross, and ensured that a constant head would be 
attained before metal entered the spirals. The fluidi- 
ties of the coated and uncoated spirals are easily com- 
pared after casting the alloy through the common gat- 
ing system. The relative increase in metal volume due 
to the mold coatings can also be seen when double 
plates are cast with a common gating system. 


EXPERIMENTAL PROCEDURE 
In this phase of the work all of the molds were 


hand rammed in regular 17 in. x 12 in. flasks. The 
molding material used was synthetically bonded 
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green sand (washed and dried Marion Sand AFS 95- 
105). The moisture content averaged 4.0 per cent. 
Vent holes (14-in.) were provided at the end of each 
spiral to permit the escape of mold gases. When mold- 
ing double plates, six vent holes were incorporated 
into the mold at the farther end of each plate. A 
pouring basin also was incorporated in the mold in 
order to maintain a constant metal head when pour- 
ing. 

The cope and drag sides of one of the double spi- 
rals were treated with hexachloroethane (C,Cl,), 
SnCl, or lamp black. C,Cl, was either sprayed or 
dusted onto the mold surfaces through a 200 mesh 
screen just before closing the cope and drag. The 
SnCl, and lamp black were dusted on. When spraying 
C,Cl, onto the mold a spray was prepared by dissolv- 
ing C,Cl, crystals in ether. The resulting solution was 
then applied to the mold surface with a spray gun. 
The ether immediately volatilized leaving a white 
coating of C,Cl, on the mold surface. The coating 
thickness was determined by placing a thin flat plate 
next to the surface being sprayed and measuring the 
increase in thickness of the coated plate with a mi- 
crometer. Coating thickness averaged 0.004 in. 


Thirty lb of Composition M or 85-5-5-5 ingot were 
melted in a clay graphite crucible set in a 175 kw lift 
coil induction furnace of 150 lb capacity. 214-02 zinc 
was added during melting for compensation of zinc 
losses, and the heats were deoxidized with copper-15 
per cent phosphorus shot prior to pouring. 


The metal was heated to about 2350 F, and five 
double spirals were rapidly poured at various tempera- 
tures as the melt cooled. Temperatures were read with 
a chromel-alumel thermocouple sheathed in a graph- 
ite tube, and connected to a Leeds-Northrup record- 
ing device which was checked before each heat with 
a Brown potentiometer. After the molds were shaken 
out, the relative increases in fluidity due to the mold 


Fig. 5— 85 5-5-5 double spiral fluidity cast- 
ing showing gating system used. Control spiral 
is at left and spiral coated with lamp black is at 
right. 





coatings were recorded by measuring the lengths of 
the coated and uncoated spirals (Fig. 6). Double plates 
were cast in the same manner after coating one plate 
with C,Cl,. The relative increase in metal volume 
due to the mold coatings was easily seen (Fig. 7). 

Experiments were also performed by dusting the 
material onto mold surfaces instead of spraying it on. 
When dusting SnCl, and lamp black onto the mold 
surfaces coating thicknesses were measured in the 
manner described above. 


RESULTS 


Figures 8 and 9 are plots of fluidity vs. pouring tem- 
perature for the uncoated halves of the double spi- 
rals when cast with Composition M Metal and 85-5-5-5. 
Fluidity increases linearly with pouring temperature 
in both cases, but 85-5-5-5 exhibits less fluidity than 
Composition M Metal for equal superheat. 

The effect of hexachloroethane and SnCl, coated 
molds are shown in Figs. 10 and 11. There was no ap- 
preciable variation in fluidity when C,Cl, was either 
sprayed or dusted onto the mold surfaces. 

Figures 12 and 13 show the effect of lamp black 
mold coatings on the fluidities of Composition M 
Metal and 85-5-5-5. 

At pouring temperatures between 2025F and 
2100 F molds coated with C,Cl, or SnCl, increase the 
fluidity of Composition M Metal and 85-5-5-5 from 
300-50 per cent. The effectiveness of the coatings de- 
creases rapidly at pouring temperatures greater than 
2100 F (Fig. 14). 

Lamp black increases the fluidity of Composition 
M Metal at pouring temperatures greater than 2200 F. 
However, at temperatures below 2150 F, lamp black 
is ineffective in aiding the fluidity of this alloy 
(Fig. 14). 


Figure 14 also shows that lamp black is more effec- 


Fig. 7 — Relative increase in volume of com- 
position M metal due to coating part of sand 
mold with CoClg. Plates were 4% x 9x8 in., and 
were fed from a common gating system. The 
untreated control plate is at left. The mold at 
right was treated with a 0.004 in. CoClg coating. 


Fig. 6 — Relative increase in fluidity of 85-5-5-5 at 
various pouring temperatures due to lamp black coated 
sand molds. The treated half of the test molds are at 
right; the untreated control spirals are at left. 


tive in increasing the fluidity of 85-5-5-5 than C,Cl, 
or SnC], at temperatures above 2100 F. At pouring 
temperatures below 2100 F molds coated with C,Cl, 
or SnCl, are more efficient than lamp black in increas- 
ing the fluidity of 85-5-5-5. 
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Fig. 8 — Fluidity of composition M metal vs. pour- 
ing temperature for the uncoated control spiral. 


DISCUSSION 


Flemings et al® theorized that the chlorine gas, gen- 
erated by contact of molten aluminum with hexachlo- 
roethane mold coatings, produced an insulating at- 
mosphere between the metal and mold. Thus, the liq- 
uid metal retained its heat longer and therefore ran 
farther. Since hexachloroethane sublimes at 560 F, it 
was felt that the generated gas might dissipate and be 
less effective when pouring bronze alloys from 2200 F 
than when casting aluminum. 


Therefore, molds were coated with SnCl,, which 
generates chlorine at a higher temperature (1154 F). 
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POURING TEMPERATURE ° F 
Fig. 10 — Fluidity of composition M metal vs. pour- 
ing temperature for spirals coated with CeClg and 
SnCle. The increase in fluidity due to the mold coat- 
ing is compared to the fluidity of the alloy cast into 
the uncoated control spiral. 
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Fig. 9 — Fluidity of 85-5-5-5 vs. pouring temperature 
for the uncoated control spiral. 


Results showed that the chlorine generated from 
either compound is equally effective at the pouring 
temperatures studied, since no appreciable variation 
in metal fluidity was noticed. 

Lamp black an amorphous carbon used by foundry- 
men as a mold coating for centuries is an effective in- 
sulator. Its fine feathery nature contributes to its ther- 
mal insulating properties. The thermal conductivity 
of lamp black is more than 100 times less than that of 
carbon. Therefore, it was originally expected that 
lamp black would greatly influence fluidity at all 
pouring temperatures studied. 

The results show that for pouring temperatures be- 
low 2150F the chlorine generating compounds in- 
crease fluidity to a greater degree than lamp black 
coated molds. At higher pouring temperatures lamp 
black was more effective in increasing metal fluidity 
than C,Cl, and SnCl,. This is probably due to the 
dissipation of the chlorine atmosphere, which de- 
creases in insulating ability with increasing metal tem- 
perature. 


Alloy Chemistry Influence 


Perhaps the most important factor influencing vari- 
ation in the results is alloy chemistry. The material 
used was melted in the form of commercial ingots. 
Specifications call for chemistries which can vary as 
much as 3 per cent in alloy content. 





Composition M 85-5-5-5 


- 89.0 84.0 - 86.0 
4.0- 6.0 
40- 6.0 
4.0- 6.0 
1.0 max. 
0.30 max. 
0.05 max. 





Nickel, % 
Iron, % 


Phosphorus, % 0.05 max. 





Fluidity can be affected by small variations in the 
lead or phosphorus content since these elements can 
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POURING TEMPERATURE °F 
Fig. 11 — Fluidity of 85-5-5-5 vs. pouring temperature 
for spirals coated with CsCl and SnClo. The increase 
in fluidity due to mold coating is compared to fluidity 
of the alloy cast into the uncoated control spiral. 


exist as liquid at relatively low temperatures. Com- 
mercial ingots were used, however, so that the work 
more closely represented common foundry practice. 
Therefore, the data obtained are meaningful to the 
practical foundryman. 

It has been shown that fluidity is a function of coat- 
ing thickness also.” Difficulties in applying even coat- 
ings were encountered, and this no doubt caused scat- 
ter in fluidity results especially when the compounds 
were dusted onto the mold surfaces. 

Castings produced in molds coated with C,Cl, and 
SnCl, resulted in discolored surfaces. The discolora- 
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Fig. 13 — Fluidity of 85-5-5-5 vs. pouring temperature 
for spirals coated with lamp black. Increase in fluidity 
due to mold coatifig is compared to fluidity of alloy 
cast into uncoated control spiral. 





CONTROL 
SPIRAL 


FLUIDITY , INCHES 





| | | 
2000 2100 2200 2300 








POURING TEMPERATURE ° F 


Fig. 12 — Fluidity of composition M metal vs. pour- 
ing temperature for spirals coated with lamp black. 
Increase in fluidity due to mold coating is compared 
to the fluidity of the alloy cast into uncoated control 
spiral. 


tion was removed by sand blasting. It was also no- 
ticed that if the molds were not sufficiently perme- 
able, or if a vent was not incorporated in the mold, 
the cast fluidity spirals exhibited dished or gassy sur- 
faces due to the evolution of chlorine. This was elimi- 
nated when proper venting was employed. 

Molds coated with lamp black produced castings 
with rougher surfaces than the uncoated molds. How- 
ever, sand blasting reduced surface roughness consid- 
erably. 

Since the coating thicknesses are measurable, they 
would detract from the dimensions of any casting. 
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Fig. 14— Percentage increase in fluidity due to vari- 
ous mold coatings vs. pouring temperature for 85-5-5-5 
and composition M metal. 
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Fig. 15 — Composition of lead, tin and zinc along the 
lengths of two vacuum fluidity specimens. 85-5-5-5 
sample was taken at 2250 F and composition M metal 
at 2350 F. 





Therefore, in the design of patterns tolerances should 
be allowed for coating thickness. 


Porosity and Shrinkage Effect 


Shrinkage and porosity no doubt influence metal 
fluidity. Several vacuum fluidity samples were sec- 
tioned and polished, and some porosity was exhibited 
after etching. After examination it was decided that 
the shrinkage and porosity obtained during the course 


of the research was not sufficient to appreciably af- 
fect the results. Second, the methods used in this study 
are similar to conditions experienced in commercial 
practice, and therefore the results are directly appli- 
cable to common foundry practice. 


Raising the temperature of the heats to 2350F 
could permit zinc to escape faster and allow for ab- 
sorption of gases. These facts could account for some 
variation in the results. However, analyses taken 
along the length of several vacuum fluidity test speci- 
mens indicated that if there was any loss of zinc at ele- 
vated temperatures it was low, because the zinc con- 
tents fell within commercial limits (Fig. 15). 

A practical method for increasing the fluidity of 
85-5-5-5 and Composition M Metal is to dust fine 
lamp black onto the sprues, gates and risers. The ma- 
terial could be applied by dusting it through a fine 
meshed bag onto the mold. The increase in fluidity 
would not be exceptionally great, but in many cases 
the effect of insulating the gates and risers could be 
enough to overcome previous insufficient metal flu- 
idity. 


CONCLUSIONS 


1) For equal superheat 85-5-5-5 exhibits less fluidity 
than Composition M Metal. 

2) The fluidity of 85-5-5-5 is doubled and Composi- 
tion M Metal tripled with 400 F superheat. 

3) The fluidity of 85-5-5-5 increases 18 per cent be- 
tween 2100-2200 F. 


modern castings 


4) The fluidity of Composition M Metal increases 
25 per cent between 2100-2200 F. 

5) At 2250F the fluidity of 85-5-5-5 increases about 
90 per cent for metal heads between 15.7-32.7 in. 
(inches of copper). 

6) Hexachloroethane and SnCl, coated molds in- 
crease the fluidity of Composition M Metal by 
300 per cent at 2025 F and by 35 per cent at 
2150 F. 

7) Hexachloroethane and SnCl, coated molds in- 
crease the fluidity of 85-5-5-5 by 300 per cent at 
2025 F and by 30 per cent at 2150 F. 

8) Lamp black increases the fluidity of 85-5-5-5 by 
50 per cent at pouring temperatures between 
2100 and 2300 F. 

9) Lamp black effectively increases the fluidity of 
Composition M Metal at pouring temperatures 
in excess of 2200 F. 

10) Hexachloroethane and SnCi, are most effective 
in aiding the fluidities of 85-5-5-5 and Composi- 
tion M Metal at pouring temperatures below 
2150 F. 

11) The increase in metal fluidity is a result of the 
insulating properties of the mold coatings. 
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PATTERN AND CORE BOX 


EQUIPMENT FOR BLOWING 


venting and design 


ABSTRACT 


Important factors in the venting and design of pat- 
tern and core box equipment are reviewed by the 
author. Less venting is required for the more flowable 
sands, and conversely greater vent area is required 
when using sand of high green strength. The faster the 
air required to move a given volume of sand into the 
core box cavity escapes, the greater is the sand impact 
in the core box and the greater is the core density. 
Blow hole and vent diameter used to accommodate the 
air needed to move the sand determines the density 
and quality of the mold or core being blown. 


INTRODUCTION 


Recently figures of tremendous magnitude have 
been brought to light in the foundry industry. 
These figures represent specific investments made 
by the industry over the past ten years. Two of 
the most important of these fields of investment 
were mechanization and modernization. These were 
made for the purpose of eliminating the drudgery 
of foundry operation and to improve our product 
physically and chemically while giving it greater di- 
mensional accuracy. 

As foundry equipment manufacturers the author's 
company naturally is interested in the day to day 
trends of our industry. It is rather interesting to 
note therefore, that while tonnage has increased, the 
number of foundries in the United States and Can- 
ada has decreased approximately 4 per cent. Sta- 
tistics reveal that the increased tonnage is attributed 
to the increase in automation and mechanization 
in the industry. Almost without exception the found- 
ries that have closed their doors are the ones that 
have failed to recognize the importance and _ neces- 
sity of mechanization to be competitive in price and 
quality. 

Investigation of various mechanization programs 
shows that there were more blowers purchased by 
the foundry industry during 1958 and 1959 than 
during any like period of the past. Previously found- 
rymen thought that only the select few highly spe- 
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cialized production foundries could economically 
produce quantity and quality cores of various sizes 
and shapes. This is no longer true. This new blow- 
ing equipment is now responsible for numerous 
semi-production and jobbing foundries reporting in- 
creased quantity and types of cores now being 
blown. 

Although it is not felt that the blowing of sands 
for any one of the number of processes (shell, CO,, 
resin bonded sands or molding sands) is the answer 
to all of the foundry’s ailments, it is felt that if 
properly practiced it can be a step in the right di- 
rection. In the majority of castings, coring the 
holes and cavities is much more important and 
costly than are the outside surfaces. 

It has been the author’s company’s observation 
through years of experience that the successful prac- 
tice of blowing sand consists of a number of major 
factors which this discussion will endeavor to consider. 


RIGGING BOXES FOR SAND 
BLOWING MACHINES 

The pattern maker and the maintenance man 
(while they are sometimes taken for granted) are 
much more of a factor in the economical and suc- 
cessful operation of blowing sands than is realized. 
This fact is evidenced everyday by the gunny sacks, 
canvas and steel screens that surround blowers to 
prevent sand that is coming through the joints of 
the core boxes and seals of the magazine from in- 
juring the operator and his fellow employees. These 
conditions can be controlled by proper rigging. 

In some cases this condition comes about by oper- 
ators attempting to blow core boxes with greater 
surface area than that for which the machine was 
built. This causes the box to separate at the joint 
or sand magazine seal. Some blowing machines are 
designed and rated with more vertical clamping 
pressure (force to hold the box together during the 
blow) than internal blow pressure in the cavity of 
the core box while the core is being blown. In most 
cases, however, it is a matter of the core box equip- 
ment being properly rigged for the green proper- 
ties of the sand and the density of the core required. 
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Fig. 1— Examples of sealed core box which prevents 
frequent major repairs and improves core quality. 
Blowing out of sand at the joints is eliminated. 


Another of the qualities required of the manu- 
facturer of core-blowing machines is parallelism be- 
tween the table and the blow plate. Parallelism of 
the parting lines, (the top and bottom surfaces) are 
measures of the quality of the core box manufac- 
turer. Parallel surfaces are essential for the sealing 
of mating surfaces. 

It is the author’s company’s opinion that to as- 
sume responsibility for rigging core boxes and pat- 
terns for blowing, the craftsman must first know the 
fundamentals and the basic principles of blowing. 
Only then can correct sizes and vent areas (slot type, 
metal, plastic or screen) be installed—and in the 
correct locations. 

Generally, slotted vents are used on casting sur- 
faces of the core and leave a minimum blemish. 
Screen vents are used on core prints or unimportant 
surfaces of the core. For a given diameter, screen 
vents exhaust more air than do the slotted type. 

Blow holes and agitators are equally important. 
Correct sizey of blow holes, various shapes and 
proper locations can only be arrived at when the 
sand properties are known. It must also be de- 
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termined whether or not agitators are to be used 
in the sand magazine. They definitely have a bear- 
ing on the proper rigging. 

Where air gets through the vents a portion of the 
fines in the sand are bound to get through. The 
operator should be protected against this, but the 
need for screens of any type around the machine can 
be definitely eliminated by proper rigging. 


Proper Sealing 

In high production core boxes and patterns 
proper sealing is a must. The most careful core 
blower operator will, when working with sand, leave 
sand grains in sufficient numbers on the partings 
to cause the sand to blow out. First the air blows 
out of the natural vent provided by the sand grains 
at the joints; then the fines follow and eventually 
the larger grains, which act as abrasives. Within a 
matter of hours major repairs are required on the 
partings of the core boxes, This is especially true 
on the irregular partings. 

Figure 1 shows an example of a properly sealed 
core box. When the core box is thus sealed, it not 
only prevents frequent major repairs, but it also 
improves the quality of the core and eliminates com- 
pletely the blowing out of sand at the joints of the 
core box. It is a definite safety factor. 

It is a good policy for the craftsman rigging the 
core boxes to be ever mindful of the fact that 
proper operating procedures dictate that the core 
surface area should not exceed that of the dia- 
phragm or piston in the vertical clamp, depending 
upon the type of blower being used. This problem 
can be partially overcome by using the vent area 
in the core box pattern and biow plate. The com- 
bined vent area determines the percentage of core 
box or pattern surface area that can be overcome. 

It is important also to note that core boxes must 
be designed and constructed so that there is suf- 
ficient area for the installation of proper seals. 
Equipment that has served for years on other types 
of core making machines or benches can, and have 
in many cases, been successfully rigged for blowing. 
This also includes sealing. The fact still remains, 
however, that equipment can best be rigged for 
quality and quantity if started from the blueprint 
itself. This is especially true for high production 
core box and pattern equipment. 


Venting 

Figure 2 shows a well vented core box and a 
poorly vented core box. We believe that proper de- 
sign and construction of most core boxes can be 
controlled by the study of this drawing. 

This illustration shows the air entering through 
the blow valve at 100 Ib pressure. Although the fig- 
ures are estimated, the author's company has 
through experience come to the conclusion that 
as the air flows through the distributing plate the 
pressure drops to approximately 95 Ib/sq in. Air, 
taking the path of least resistance, flows through 
the blow holes into the core box cavity. 

At this point it again drops to approximately 80 
lb/sq in. As it deposits the sand in the core box or 





Fig. 2—- Example of well vented (left) and 
poorly vented (right) core box. 


flask cavity, it then proceeds through the vents to 
the atmosphere and the pressure drops to zero. The 
greater the vent area, the faster the air gets to the 
atmosphere, the faster the sand is deposited and 
the denser the mass. This occurs as shown on the 
left-hand side only when the core box is properly 
constructed and the blow plate properly rigged for 
blowing. 

In the right-hand figure we see a similar condi- 
tion with two exceptions. First, it is, in relation to 
the left-hand figure, a poorly vented core box. Sec- 
ond, a single blow plate is used with blow holes in 
it only, and no vents. This results in the volume of 
air that is required to fill the core box cavity not 
being able to get through the vent area. 


Pressure Buildup 


Box pressure is subsequently built up in the blow 
hole area, and when this pressure in the core box 
becomes equal to the pressure on the topside of the 
blow plate a channeling condition is experienced, 
such as shown in this figure. This condition is often 
attributed to a number of things. Actually, it is 
simply a matter of insufficient vent area to accom- 
modate the volume of air required to move the 
sand into the core box cavity through the sizes of 
blow holes provided. 

It is logical to assume from the above description 
that the air is being used as a vehicle to carry the 
sand into the core box cavity, and that the size of 
the blow holes provided determines the velocity 
with which this is accomplished. If the density of 
the core required does not need the velocity in this 
illustration, the blow holes can then be increased 
in area. Through experience it has been found that 
the larger the blow hole area, the less the volume 
of air required to move a given amount of sand. 

As a matter of illustration, the hole in the blow 
plate is increased to almost the size of the core box. 
As the blow valve is actuated and air rushes 
through the distributing plate and the sand maga- 
zine the sand would have a tendency to move. This 
is due to the air pressure applied at the top of the 
mass or all around the mass, depending upon the 
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type of sand magazine being used and with no re- 
sistance such as we encounter with the smaller blow 
holes. 

Since the volume of air and velocity is not pres- 
ent, there is no danger of the core box blowing 
apart. This type of blowing is being accomplished 
quite successfully, especially in semi-production and 
jobbing shops where only wooden core boxes are 
being used. 

However, in the high production shop the size of 
the core sections, the contour of the core boxes 
and the density with which the core must be blown 
to make a quality core dictates the size of the blow 
holes and vent areas that must be used. Here, it. is 
a well known fact that sands with greater flowabil- 
ity are moved much more readily than are sands 
with high green properties. 

For instance, where sands that are used for shell 
core blowing are being moved with air, the sand flows 
more readily. Therefore, the volume of air re- 
quired to fill a given core box cavity is consider- 
ably less than that required with sands of high 
green properties. As the green properties increase, 
it becomes more difficult to move sand through 
small blow holes. Eventually it becomes necessary to 
use agitators to break up the sand and get it in 
suspension with the air. 


Agitators 


Figure 3 is an illustration of at least two types of 
agitators that are being successfully used. This figure 
also points out two methods of quick changing blow 
plates. There are many others that are being used 
quite successfully, but the plates in this figure are 
used almost exclusively for open face core boxes. 
The quick change method in Fig. 4 is used almost 
exclusively for horizontally split core boxes. 

Core boxes are attached to a %-in. steel plate 
which is placed underneath the rails, sliding it in 
from either end. It is located in the center by me- 
chanical means and sealed against the magazine plate 
by drawing up the bolts. The number used depends 
entirely on the length of the core. This is usually 
accomplished with a ratchet wrench. The plate with 
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Fig. 3 — Two types of agitators being successfully used. Two 
methods of quick changing blow plates are also illustrated. 


which the box is attached should overlap the open- 
ing in the magazine plate at least | in. for the best 
results. This method is used to make frequent changes 
with a minimum of lost time. 


ACCURATE SAND CONTROL 
Among the categories of important factors is, of 


course, sand control, and it can best be described 
by studying Fig. 5. The primary purpose of this il- 
lustration is to emphasize the uniformity that can be 
obtained in cores made on a blower, particularly 
in relation to sagging. 

These cores, when assembled, form the main body 
of a six cylinder diesel block. They are 33 in. long, 
13 in. wide, and vary in height from 3 to 8 in. 
There is 1%-in. finish on all main bearing facings, 
lg-in. in the cylinder bore and 14-in. on the head and 
pan face. After baking, the cores are not rubbed as is 
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the usual practice, but are placed on an assembly gage 
and bolted together as a single unit. 

Due to the small amount of finish allowed in a 
unit of this size there must be a complete ab- 
sence of distortion. For example, if each of the 12 
cores sagged 1%,-in., the completed assembly unit 
would be %,-in. narrow, with the result that the 
outside bore and main bearing would be \,-in. 
under specified requirement. Actually the distortion 
in these cores is so slight that it hardly is measur- 
able. This condition is directly attributed to close 
sand control. 

The above, of course, cannot be accomplished 
with wet sand. For instance, once the clays and ad- 
ditives in the sand have been saturated with water 
maximum green properties with proper mulling can 
be obtained. When more water than is required 
for this purpose is added to the sand mix, the air 


Fig. 4— Another example of 
quick change blow plates. This 
method is used almost exclusively 
for horizontally split core boxes. 





(when the blow valve is actuated) carries the free 
water to the surface of the core box and causes the 
sand to stick. This makes it impossible to obtain a 
smooth core finish or a smooth casting surface. 

Dry sand will not hold specified core require- 
ments and, therefore, is detrimental to the practice. 
When dry sand is used for the purpose of shell core 
making, for instance, this sand can readily be con- 
trolled with pressure regulators. Once the sand is 
cured, sagging is not a problem as is the case in 
a conventional sand practice. 


CHOOSING THE CORRECT VENT 
AND BLOW HOLE AREAS 

This brings up a question that is so often raised: 
Is their some method by which the vent area to 
blow hole area can be determined beforehand? 
Many attempts to accomplish this have been called 
to the writer’s attention. But to his knowledge, as 
of this writing, there are no standards that can 
be used successfully. It is only natural, however, that 
in the course of time numerous core boxes are en- 
countered with striking similarities. The rigging of 
such core boxes is then a simple matter because it 
can be duplicated from past experience. 

There are so many cases, however, where the con- 
tour, size, shape of core boxes and sand physical 
properties change to the extent that the application 
of basic fundamentals and principles alone is not 
sufficient. Then the craftsman’s imagination and in- 
genuity becomes an essential element enabling the 
core room supervisor to consistently get quality 
cores. 

It is perhaps wise at this time to point out to the 
craftsman doing the rigging of core box and pattern 
equipment that there are a great number of meth- 
ods used to prevent the wearing of core boxes di- 
rectly underneath the blow holes. There are plas- 
tics, solders, hardened steel inserts, etc., and individ- 
ual operators usually swear by one of the number 
of materials available. However, there is no hard 
and fast method that is universally accepted. 


Vertical Position Blowing 

All pin cores in Fig. 6 can be blown in a vertical 
position. Both vertical and horizontal clamps are 
used. The blow plate used does not have holes corre- 
sponding to individual cores. The length and width 
of the single elongated blow hole depends on the 
length of the box and the diameter of the core. As 
shown in Fig. 6, a variety of core boxes can be blown. 
All that is necessary is that the core box surface com- 
pletely covers the hole in the blow plate. The number 
and diameter of cores are of no consequence. 

The center examples are for the benefit of the 
craftsman also. These cores normally were cast in 
a horizontal position. They buckled and broke from 
the metal pressure. To overcome this problem stools 
were inserted in each half of the core box cradling 
a \4-in. rod. Crescent shaped blow holes blow up 
the core, resulting in a core rigid enough to with- 
stand the metal pressure, and no buckling or break- 
ing of the core occurs. 

The top view illustrates one method of blowing pin 
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Fig. 5 — Uniformity of sand obtained in cores made 
on a blower, particularly in relation to sagging. 


cores. Because reinforcement wires are required, one 
end of the core box is closed necessitating vents in the 
body of the core box itself to get rid of the air. 

Figure 7 shows a group of core boxes that were 
blown with a complete absence of vents, but pro- 
visions were made for the air to escape both at the 
bottom of the core box and at the top of it. The 
core box in the extreme center, however, has a ring 
chill and a tube chill set in it. In this case the air 
has a tendency to accumulate underneath the chills 
making the vents necessary. 


Horizontal Position Blowing 


The method of blowing, as shown in Fig. 8, is 
somewhat similar to the method we used to blow 
pin cores. Pin cores are blown in a vertical posi- 
tion from one end, and these cores are blown in a 
horizontal position in both ends. The sand cham- 
bers on both ends of the boxes are hollow. How- 
ever, in the one core box there are corresponding 
openings in the plate to which they are attached, 
while in the case of the larger core box (Fig. 8a) 
an elbow is used for the blow holes. Steel bushings 
are inserted in the blow holes with a break-off pad 
underneath. These pads are more easily distin- 
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Fig. 6 — Pin cores which can be blown in a vertical 
position. 
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Fig. 7 — Core boxes which were blown without vents, 
although provisions were made for air to escape at the 
bottom and top of the core box. 


Fig. 8 — Cores blown in a horizontal position. The sand 
chambers on both ends of the boxes are hollow. 


Fig. 9— An 18 piece core box. Air pockets occurred 
at the curvature of the fins. It was determined that the 
sand was following the fin contour, but there was suf- 
ficient space between fin and center piece to allow 
air to escape beneath it. This caused an air pocket on 
the opposite side. The solution was to seal each fin, 
which eliminated the air pockets. 
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Fig. 8a — Larger core than shown in Fig. 8 with an 
elbow used for the blow holes. 


guished on the cores. The dryers, of course, are con- 
structed to stack and interlock, thus conserving 
oven space. 

Figure 9 is an illustration of an 18 piece core box. 
All possibilities of making a quality core appeared 
to be completely exhausted because air pockets per- 
sisted in occurring at the curvature of the fins. It 
was determined that the sand was following the 
contour of the fin, but there was sufficient space 
between the fin and the center piece to allow the 
air to escape underneath it. This caused an air 
pocket on the opposite side. The solution was to 
seal the individual fins, as shown in Fig. 9, which 
completely eliminated the air pockets that were oc- 
curring and perfect cores were the result. 

Less venting is required for the more flowable 
sands because less air volume is required for blow- 
ing. Conversely, greater vent area is required when 
using sands of high green strength, due to the in- 
creased volume of air needed for blowing. 

The air required to move a given volume of sand 
into the core box cavity eventually goes out into 
the atmosphere. The faster this air can escape, the 
greater the impact of the sand in the core box and 
the greater the density of the core. 

The diameter of the blow holes and the vents 
used to accommodate the volume of air needed to 
move the sand, determines the density and the qual- 
ity of the core or mold being blown. 
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Report of AFS Sand Div. 
Canadian Committee 8-Y 


ABSTRACT 


A survey was conducted by the AFS Canadian Sand 
Committee (8-Y) of foundry sand practice. The results 
indicate that Canadian foundries gradually have been 
changing from natural to synthétic sand systems, most- 
ly because they feel this will effect better control of 
their sand properties. Details of the complete survey, 
covering different types of foundries are given. 


INTRODUCTION 


Canadian Sand Committee 8-Y of the American 
Foundrymen’s Society sent a questionnaire to 74 rep- 
resentative Canadian foundries to determine the type 
of program they would prefer the Committe to carry 
out. Only 20 replies were received from these. 

Fifteen of these foundries indicated that they some- 
times had sand problems. Visits by committee mem- 
bers to the other foundries indicated that most of 
them had sand problems too, but the standard of ac- 
ceptable surface finish varied widely with the type of 
casting being made. 

The responding foundries had some foundry liter- 
ature available but three did not use it. In one of 
these three the personnel did not speak English. The 
five foundries from the Province of Quebec which 
responded would like to receive literature in French. 
Fourteen of the foundries, including one from Que- 
bec, would like additional literature in English. How- 
ever, only half of the 14 had more than one textbook, 
such as ANALysis OF CastinG Derects (AFS) and one 
periodical. Of the two foundries which did not wish 
any additional literature, one had a well-stocked li- 
brary, and the other had almost none. 
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CANADIAN NON-FERROUS 
AND IRON FOUNDRY 
SAND PRACTICE SURVEY 


by A. E. Murton 


The AFS Technical Committee had suggested that 
a survey of Canadian sand practice would be a suit- 
able project for the Canadian Sand Committee. All 
but two of the foundries wished the Committee to 
undertake this project. Some foundries also wished to 
have a list of Canadian Sands, and their performance. 


SCOPE OF SURVEY 


In accordance with the desires of the responding 
foundries the Committee undertook the proposed sur- 
vey of sand practice in Canadian iron and non-ferrous 
foundries. 

The Committee obtained details of the operation 
of what was considered to be a representative group of 
iron and non-ferrous foundries, and collected samples 
of their sands for test at the Mines Branch Labora- 
tories. 

Steel foundries were not included in this survey, be- 
cause they keep in contact with each other through 
their own organization, and are conversant with cur- 
rent practice. Canadian steel foundry practice is simi- 
lar to that of United States steel foundries, and Cana- 
dian iron and non-ferrous foundrymen who are inter- 
ested in this can obtain details from periodicals. 

The group of foundries included in the survey can 
be divided according to the type of work into several 
classifications: 


Small brass fittings—plated. 

Small brass fittings—unplated. 
Ornamental brass. 

Heavy brass. 

Aluminum. 

Light to medium gray iron, white iron. 
Heavy gray iron. 


However, it is common for foundries to make cast- 
ings of more than one type. 
The sand practices of these foundries range from 
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the use of natural sand, with no facing, conditioners, 
additives or tests, to completely synthetic sand systems. 


It was noted that three foundries modified their 
sand practice during the time of preparation of the 
report (Foundries 18, 27, 28, Appendix, Tables 1-6). 
No effort was made to discover these cases, and it is 
likely that some of the other foundries have also 
made changes. 


BRONZE — NATURAL SAND 


The foundries experiencing the fewest sand prob- 
lems are those employing three or four molders, using 
common alloys, bench molding bronze and aluminum 
castings. Most of these foundries use no facing, sand 
additives or mulling. Typically the molder prepares 
his own sand or has it done under his supervision. The 
good grades of natural sand produce good castings 
and can be used without mechanization. 

This group of foundries makes few sand tests. Some 
have testing equipment which they may use once a 
day, or when the staff can find time. 

Those foundries floor molding with these sands 
have trouble with drops. 


BRONZE — SEMI-SYNTHETIC AND 
SYNTHETIC 


Bronze foundries making large castings, or castings 
to be polished or plated, usually find that a simple 
natural bonded system does not produce the quality 
of castings they require. They mull the sand, may add 
a little southern or western bentonite, and control the 
properties by testing for moisture, permeability and 
green compressive strength. Some of these foundries 
have converted to synthetic sand because of the better 
control obtainable. They may add new sand and ben- 
tonite to: their facing mixtures, which are used on 
some of their more difficult molds, or they may add 
some new sand and bentonite to each batch. 

Bronze foundries using synthetic sand systems, or 
which mull natural sand, usually test their sands reg- 
ularly. They also report more sand problems, mostly 
from inclusions, than do those using simple natural 
bonded sand systems. This appears to be the result of 
the higher standards they require, higher production 
and more difficult castings and alloys. 


IRON — NATURAL AND SEMI-SYNTHETIC 


Iron foundries appear to be more conscious of sand 
problems than are non-ferrous foundries. Of the 15 
iron foundries using natural sand only three do not 
mull at least the facing sand. Two of these are the 
only foundries using no bentonite as an auxiliary 
bond. All three foundries without mullers have weak 
sand and use a large number of gaggers. The more 
common practice with natural sand is to add new 
sand to the heap, and add bentonite either to the heap 
or to the facing to compensate for burn-out and dilu- 
tion with core sand, These foundries would therefore 
be classed as semi-synthetic. 


modern castings 


Iron foundries usually select natural sands with 
higher strengths than those used by bronze foundries, 
but there are some exceptions to this rule. Two found- 
ries use Canadian natural sands. One of these also 
uses some U.S. sand. 

All but one of the foundries with natural or semi- 
synthetic sand use pitch or seacoal, or both. They base 
the amount added on the appearance of the castings. 

About half of this group of iron foundries make 
some sand tests. These might be made once or twice a 
day or once a week, but some foundries test every 
batch of facing. Most foundries making tests test 
for moisture, permeability and green compressive 
strength, but one tests for moisture only, and one for 
moisture and permeability. Even when foundries test 
their sand they seem to base their additions more on 
its behavior in molding and casting than on sand tests. 

The most common troubles encountered by iron 
foundries using natural sand are sand _ inclusions, 
with some scabs, rattails and buckles. 


IRON — SYNTHETIC 


Practices followed by foundries using synthetic sand 
systems include: 


1) No new sand except in cores; no facing; all sand 
mulled. 

2) New sand facing on some jobs; all sand mulled. 

3) Mulled mixture of black and new sand facing on 
all jobs; facing only may be mulled. 


These foundries used bank, lake or washed and 
dried silica sand, or a mixture of two of these, one fine 
and one coarse. 

Canadian sand was used by two foundries in their 
synthetic sand system. One of these uses (with fair 
results) a local bank sand which contains considerable 
magnetite, mica, etc. An imported lake sand is used 
for cores. The other foundry was using a washed and 
dried sand from Lake Winnipeg. The quality of this 
was equal to that produced in the Ottawa, III. district, 
but the producer has now ceased operations. All but 
one of the synthetic iron foundries questioned used 
seacoal. 

Dry sand molds with a black wash may be used for 
large castings. This method is being replaced by air-set 
molding, and to a lesser extent by CO, molding. High 
pressure molding is being used in one soil pipeshop. 

These foundries make more tests than those using 
natural sands. All test their sands—some of them oc- 
casionally only once or twice a day, or once a week. 
Most test for moisture, green compressive strength 
and permeability; but two test for moisture only. 
Three foundries, in addition to the usual three tests, 
test screen distribution occasionally; and two of them 
also test for combustible materials and pH. 

Buckles and scabs are the most common difficul- 
ties reported by the iron foundries with synthetic sand 
systems. To eliminate these an all new sand facing is 
sometimes used on difficult jobs. Some foundries ex- 
perience trouble with sand drying out, especially 
when it was hot. 





CORE SANDS 


Bronze and small iron foundries tend to use a blend 
of fine and coarse sand. Usually the fine sand is a 
bank sand, between 80 and 150 AFS fineness num- 
ber, and the coarse sand is lake sand, or washed and 
dried silica sand of about 60 AFS fineness number. 
Some small foundries use local building sands. Oc- 
casionally some natural bonded sand may be used to 
give green strength to core mixtures. 

Small bronze and iron foundries often use fairly 
large additions of core oil to compensate for inferior 
raw materials and poor baking control. They some- 
times prefer mixtures with poor collapsibility to pre- 
vent the core sand from diluting the heap. Iron found- 
ries often use black wash on their cores, but bronze 
foundries usually prefer mica wash. 

Foundries which have a synthetic sand system use 
the same sand for molds and cores. They control the 
additions of binder and the baking of the cores more 
carefully than do smaller foundries. Air-setting cores 
may be used for large molds and cores. These are 
baked if the facilities are available. 

Carbon dioxide cores are fairly widely used by small 
and large foundries. Shell cores are often used for 
production runs of small castings. This is in contrast 
to shell molding, which is used by only a few bronze 
and iron foundries. 

Pipe fitting foundries use green sand cores, sodium 
silicate cores, shell cores or oil sand cores. 


CANADIAN NATURAL SANDS 


Many foundrymen expressed a wish to obtain a 
source of Canadian sand to obtain lower freight rates. 
Because of the geographical distribution of Canadian 
foundries several widely separated sources of sand 
would have to be found to enable all foundries to 
have a convenient source. The survey found only one 
source of Canadian natural bonded sand in use from 
Waterdown, Ontario, near Hamilton. This source is 
located close to many foundries in Ontario, but most 
of these import U.S. sands. There are probably other 
Canadian natural bonded sands having a limited use, 

The results of a survey of Canadian natural bonded 
molding sands made by C. H. Freeman were pub- 
lished in 1936.* At that time it was estimated that 55- 
60 per cent of Canadian consumption was imported. 
The proportion must be around 90 per cent now. The 
book described tests on 72 working deposits, 31 for- 
merly operated deposits and 45 prospects. It is evi- 
dent that there has been a large decrease in the num- 
ber of working deposits. 

A study of the properties of the sands reported in 
Freeman's book shows that most of them were too low 
in permeability or green compressive strength to be 
suitable for anything but small work. Less than 25 
per cent had a permeability between 10 and 100, to- 
gether with a green compressive strength greater than 
5 psi. In addition, many Canadian foundry sands with 


*“Natural Bonded Moulding Sands of Canada,” Correll H. 
H. Freeman, Department of Mines and Technical Surveys, 
Ottawa, Ontario (1936). 
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good moldability have a high lime content, or have 
clays with poor durability. 


CANADIAN BANK AND SILICA SANDS 

A few foundries use Canadian bank or silica sands 
for core work. Some small bronze foundries use local 
building sand, and a few iron and non-ferrous foun- 
dries in the Montreal district and in Western Ontario 
use Canadian bank sands. Washed and dried silica 
sand, comparable to sand from the Ottawa, III. dis- 
trict, was being sold to foundries in Western Canada 
but this source has been discontinued. It is said that 
the barge charges on this sand from Black Island in 
Lake Winnipeg became too high for it to compete 
with U.S. sands. 

Some Canadian sandstones, from a widely occur- 
ring formation known as the Potsdam sandstone, have 
been processed for molding sand for iron and steel. 
The most notable producer was Kingston Silica Mines 
Ltd. This company failed when it was unable to raise 
capital to open a new deposit. The old one, which had 
an obsolescent plant, had been worked out. 

Potsdam sandstones in the Montreal district are be- 
ing processed to make glass sands. Foundry sands are 
being sold from these, but the proportion used is 
small. 


CONCLUSION 


The results of this survey indicate that Canadian 
foundries have gradually been changing from natural 
to synthetic sand systems, mostly because they feel this 
will effect better control of their sand properties. 

Shipments of off-grade natural sand (probably due 
to depletion of some of the good sand beds) have 
helped to make some foundrymen change to synthetic 
sand. The most common complaints have been sand 
containing clay balls and sand with too low strength. 

Some bronze foundrymen and most iron foundry- 
men find that a simple natural bonded system will 
not give them the sand control they need. They add 
bentonite and mull the sand, and some feel they may 
as well go all the way to a synthetic sand system. 

Foundries committed to the use of synthetic sand 
do not often revert to natural sand. If troubles are en- 
countered they try to meet them by better moisture 
control, sand additives or more new sand. Even if 
these measures are only partially successful, they stick 
with synthetic sand because they have learned 
that there is no easy way out. 

Although foundrymen wish to find sources of Cana- 
dian sand, they are using less of this sand than they 
were a few years ago. There are no widely used 
sources of Canadian natural or sharp sands. Some Ca- 
nadian suppliers have gone out of business. Sands 
from some of the other sources are inferior to those 
from the U.S.A. 


Producers. who have failed to establish permanent 
operations have been troubled by small markets, high 
freight rates and difficult winter operations. Probably 
the time will come when Canadian sands of suitable 
grade can be produced economically. Canadian found- 
rymen have shown that under these conditions they 
will use Canadian sands. . 
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TABLE 1— SAND PRACTICE — BRONZE AND ALUMINUM, NATURAL SAND 


APPENDIX 





Foundry 
No. Sand 


Preparation 


Rebond 


Additives 


Troubles 
Reported 


Remarks 





l Natural 


Aerate 


New sand to heap 
regularly 


None 


None 


Marine fittings; have 
second heap of finer 
sand 


for aluminum 





Natural 


Shovel 


New sand to heap 
occasionally 


None 


{ 
{ 


Aluminum 





Natural 


Shovel 


New sand to heap 
occasionally: fac- 
ing of new and 
old sand on spe- 
cial jobs 


Western benton- 
ite to heap occa- 
sionally 


Burn-Iy moisture 
control 


Jobbing 





Natural 


Mix and aerate 
all sand 


New sand to heap 
occasionally 


None 


“Usual” 


Jobbing 





Natural 


Shovel 


New sand to heap 
occasionally 


None 


None 


Jobbing 





TABLE 2— SAND 


PRACTICE — BRONZE 


AND ALUMINUM, MULLED NATURAL AND SYNTHETIC SAND 





Foundry 


No. Sand 


Preparation 


Rebond 


Additives 


Troubles 
Reported 


Remarks 





Natural 


Mull all sand; 
no facing 


New sand to heap 
occasional ly 


None 


Sand inclusions on 
polished goods 


Plumbing 
fixtures 





Natural 


Mull all sand; 
no facing 


New sand to 
system regularly; 
bentonite to 
muller 


Southern 
bentonite 


Sand inclusions on 
polished goods, 
buckles, poor 

flowability 


Brass foundry 
section; 
plumbing 
fixtures 





Natural 


Mulled old sand 
facing on all 
molds; aerate heap 


New sand to heap 
regularly; benton- 
ite to muller 


Southern benton- 
ite, western ben- 
tonite, wood flour 


None 


Jobbing 





Natural 


Mull all sand; 
no facing 


New sand to heap; 
bentonite to 
muller 


Southern 
bentonite 


Plumbing fixtures; 
sand prepared once 
a week; plant at 
15%, capacity 





Natural 


Mull all sand; new 
and old sand facing 
on some jobs 


New sand to 
heap occassionaly; 
bentonite to 
muller 


Southern 
bentonite, 
wood flour 


None 


Brass foundry sec- 
tion; valves and 
fittings; also 
small iron valves 





Natural 


Mulled old sand 
facing on all 
molds; cut heap 


New sand to heap 
regularly; ben- 
tonite to muller 


Western 
bentonite 


None 


Jobbing 





Natural 


Mull all sand; 
no facing 


New sand and 
additives to 
muller occa- 

sionally 


Southern 
bentonite, 
cereal 


Veining 


Brass foundry divi- 
sion; jobbing up to 
114 tons; use dry 
sand on some jobs 





Bank 


Mull all sand; 
new and old sand 
art 9Ono7 
facing on 25% 
of jobs 


Bentonite and new 
sand to facing mix- 
tures; bentonite to 
general purpose 
mixtures 


Southern 
bentonite, 
wood flour, 
cereal 


“Plenty, but better 
finish than with 
previous natural 

sand” 


Plumbing, 
jobbing 
up to 1500 Ib 





Bank sand _ for 
green sand; silica 
sand for dry sand 


Mull all sand; new 
and old sand facing 
on all molds 


New sand and 
additives to 
facing 


Southern and west- 
ern bentonite, wood 
flour to green sand; 
western bentonite, 
fireclay, cereal and 
pitch to dry sand 


Sand 
inclusions 


Jobbing; ship 
propellers, brass 
foundry section; 
use natural sand 
for small castings 





Bank 


Mull all sand; 
no facing 


Additives to muller; 


new sand to system 
occasionally 


Proprietary 
binder, wood 
flour 


Inclusions on 
polished goods 


Plumbing and 
heating goods, 
up to 10 1b 
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TABLE 3— SAND PRACTICE — IRON, NATURAL AND SEMI-SYNTHETIC SAND 





Foundry 
No. 


Sand 


Preparation 


Rebond 


Additives 


Troubles 
Reported 


Remarks 





16 


Natural 


Shovel 


New sand to heap 
occasionally 


Seacoal 


None 


Jobbing, fittings 





17 


Natural 


Shovel 


New sand to heap 
occasionally 


Seacoal 


None 


Jobbing, up to 
2 tons 





18 


1) Natural 
2) Blend of two 
natural sands 


Mulled old sand 
facing on all 
molds; cut heap 


New sand to heap 
regularly; ben- 
tonite to facing 


Western ben- 
tonite, seacoal, 
gilsonite 


“usual” 
(scabs, blows) 
None 


Jobbing, up to 1000 
Ib. Sand changed 
from (1) to (2) 





Natural 


New and old sand 
facing on all molds, 
some mulled, some 


aerated; aerate heap 


Additions of new 
sand to heap and 
facing regularly; 
fireclay to mulled 
facing 


Fire clay 


None 


Porcelain enamel, 
sanitary ware 





Natural 


Mulled new and old 


sand facing on all 
molds; aerate heap 


All additions 
to facing 


Western ben- 
tonite, seacoal, 
cereal 


Burn-in 


Gray iron, white 
iron mining 
equipment 





Natural 


Mull all sand; 
no facing 


New sand to heap 


regularly; other ad- 


ditions to muller 


Western ben 
tonite, seacoal, 
wood flour 


“general” 


Light gray iron, 
valve bodies, floor 
molding 





Natural and 
washed silica 


Mull all sand; new 
and old sand facing 
on all molds 


All additions 
to facing 


Western 
bentonite, 
seacoal 


None 


Iron foundry 
section, 
valves and fittings 





Natural, washed 
and dried silica. 
and local bank 


Mull all sand; new 
and old sand facing 
on all molds 


All additions 
to facing 


Seacoal, 
pitch 


None 


Jobbing, mostly 
gray iron 





Natural 


Mulled old sand 
facing on all 
molds; cut heap 


All additions 
to heap 


Western 
bentonite, 
seacoal 


None 


Pressure tight 
iron 





Natural and 
lake 


Mull all sand; new 
and old sand facing 
on all molds 


All additions 
to facing 


Southern and west- 
ern bentonite, fire- 


clay, seacoal, 
wood flour 


None 


Malleable 





Natural and 
washed and 
dried silica 


Mulled new and old 
sand facing on all 
molds; aerate heap 


All additions 
to facing 


Southern and west- 
ern bentonite, pro- 


prietary binder, 
wood flour 


Buckles on 
large copes 


Large gray iron 


jobbing 





Blend of two 
natural sands 


Shovel and screen; 
no facing 


All additions 
to heap 


Western benton- 
ite, fire clay, 
seacoal 


Sand indusions, 
drops, scabs 


Gray iron 
jobbing 





Natural 


Mulled old sand 
facing on all 
molds; aerate 

heap 


New sand to heap; 
other additions 
to facing 


Fire clay, sea- 
coal, pitch, 
cereal 


Poor moisture 
control of 
heap sand 


Gray iron jobbing; 
use some skin 
drying 





Natural and 
lake 


Mulland aerate all 

sand; no facing; 

green sand cores 

of lake and heap 
sand 


All additions 
to muller 


Western 
bentonite 


First natural sand 
had clay grains 
which made per- 
meability and 
strength sensitive 
to mulling. No 
troubles with sec- 
ond natural sand 


Soil pipe fittings; 
high pressure 
molding 





28 
(old 
practice) 


Two natural 
bonded sands, 
plus lake sand 


Mulled new and 

old sand facing 

on all molds; cut 
heap 


All additions 
to muller 


Western benton- 

ite, fire clay, sea- 

coal, pitch, wood 
flour 


Sand inclusions, 
penetration, 
scabbing 


Heavy gray iron 
jobbing foundry; 
practice changed 
to synthetic, as de- 
scribed in Table 4 





12b 


Natural and 
washed and 
dried silica 


Mull all sand; 
new and old sand 
facing on all molds 


New sand to system 
and facing; other 
additions to facing 


Western benton- 
ite, fire clay, pitch 
compound, cereal 


Scabs 


Iron foundry sec- 

tion, heavy gray 

iron. Large molds 
baked 





Bank sand for 
green sand; dry 
sand uses same 
heap and _ prac- 
tice as brass 
foundry dry sand 


Mull all sand; 
new and old sand 
facing on all molds 


All additions 
to facing 


Southern benton- 


ite, fire clay, cereal, 


seacoal to green 
sand facing 


Sand inclusions, 
a few scabs 


Iron foundry 
section 
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TABLE 4— SAND PRACTICE — IRON, SYNTHETIC SAND 





Foundry 
No. 


Preparation Rebond 


Additives 


Troubles 
Reported 


Remarks 





28 
(new 
practice) 


All additions 
to facing 


Mulled new and old 
sand facing on all 
molds; cut heap 


Southern and 
western bentonite, 
seacoal, cereal 


Moisture control, 
scabbing, difficult 
shake-out 


Improved over 
previous 
practice 





50:50 coarse and 
fine bank sand 


29 


All additives to mul- 
ler; no new sand 
except in cores 


Mull all sand; 
no facing 


Western benton- 
ite, seacoal, pitch, 
wood flour 


“General” 


Light to medium 
gray iron 
jobbing 





Bank and 
washed and 
dried silica 


All additives to mul- 
ler; no new sand 
except in cores 


Mull all sand; 
no facing 


Southern and 
western benton- 
ite, seacoal 


Erosion scabs 


Light to medium 
gray iron 
jobbing 





Bank 


New sand and 
additives to 
every batch 


Mull all sand; 
no facing 


Western bentonite, 
fire clay, seacoal, 
wood flour 


Light to medium 
gray iron 
jobbing 





Most additions to 
facing; some ben- 
tonite to heap 


Mull all sand; all 
new sand facing 
on some molds 


Southern and 
western benton- 
ite, seacoal 


Buckles, rattails, 
erosion when no 
facing is used 


Light malleable 





Washed and 
dried silica 


All additives to mul- 
ler; no new sand 
except in cores 


Mull all sand; 
no facing 


Proprietary 
binder, sea- 
coal 


None 


Small gray iron, 
nodular 





Washed and 
dried silica 


All additions 
to muller 


Mulled new and 
old sand facing on 
all molds; aerate 
heap 


Southern and west- 
ern bentonite, pro- 
prietary binder, 
seacoal 


Light to medium 
gray iron, bronze 
and aluminum 





Bank and 
washed and 
dried silica 


All additives to mul- 
ler; no new sand 
except in cores 


All sand mulled; 
no facing 


Southern and west- 
ern bentonite, pro- 
prietary binder, 
wood flour 


None 


Light to medium 
gray iron 





Lake and local 
sand 


All additions 
to muller 


All sand mulled 
and aerated; new 
and old sand facing 
on all molds 


Western bentonite, 
fire clay, 
seacoal 


Hot sand, 
scabbing 


Gray iron, nodular, 
up to 3 tons 





All additions 
to muller 


Mulled new and old 
sand facing on all 
molds; aerate heap 


Western ben- 
tonite, sea- 
coal, cereal 


Periodic 
scabs 


Gray and white 
iron mining 
equipment 





TABLE 5— TYPICAL MOLDING PROPERTIES, BRASS SANDS 





Foundry No. 


1 1 2 


3 


3 4 


4 





Sample 

Type 

Source of New Sand 
Condition 

Moisture, % 
Permeability 

Green Comp. Str., psi 
Green Deformation, % 
Green Tens. Str., 0z/in.? 
Dry Comp. Str., psi 
AFS Clay Content, % 
AFS Fineness No. 


Foundry No. 


New 
Natural 
New York 
As rec'd. 
8.5 
9.0 
8.4 

2.75 
3.5 
68 


Heap 
Natural 
New York 
As rec'd. 
6.8 

15.7 
7.2 
1.9 
5.0 

32 

10.0 

173 
la 


Heap 
Natural 
New York 
As rec'd. 
8.9 
13.0 
7.7 
2.8 
3.6 

44 


5 6 


New 
Natural 
New York 
As rec'd. 

8.2 
7.2 
5.7 
2.2 
3.6 

61 
14.8 

208 


Ja 


Heap 
Natural 
New York 
As rec'd. 

7.4 
8.4 
5.2 

1.6 
3.3 
23 


New 
Natural 
New York 
As rec'd. 


Heap 
Natural 
New York 
As rec'd. 
76 
10.3 
6.3 
2.3 
2.2 

50 


9 





Sample 

Type 

Source of New Sand 
Condition 

Moisture, % 
Permeability 

Green Comp. Str., psi 
Green Deformation, %, 
Green Tens. Str., 0z/in.2 
Dry Comp. Str., psi 
AFS Clay Content, % 
AFS Fineness No. 


New 
Natural 
New York 
As rec'd. 
10.7 
18.4 
6.0 


New 
Natural 
New York 
As rec'd. 


Heap 
Natural 
New Jersey 
As rec'd. 
4.8 
17.3 
10.6 
1.5 
9.0 
48 

10.0 
144 


System 
Natural 
New York 
As rec'd. 
6.8 
23.8 

5.9 
2.15 
4.7 
79 
11.2 
147 


New 
Natural 
New York 
As rec'd. 

7.3 
9.3 
11.9 
2.5 
8.0 
171 


Heap 
Natural 
New York 
As rec'd. 


Heap 
Natural 
New York 
As rec'd. 
6.8 
10.3 
9.1 
2.45 
5.9 
71 
13.2 

143 
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TABLE 


5— TYPICAL MOLDING PROPERTIES, BRASS SANDS 


(continued) 





Foundry No. 


10a 


ll 12a 


13 


13 





Sample 

Type 

Source of New Sand 
Condition 

Moisture, %, 
Permeability 

Green Comp. Str., psi 
Green Deformation, % 
Green Tens. Str., 0z/in.2 
Dry Comp. Str., psi 
AFS Clay Content, % 
AFS Fineness No. 


Foundry No. 


System 
Natural 
New Jersey 
As rec'd. 
5.6 
17.3 
13.1 

2.45 
12.6 
97 
13.1 
138 


l4a 


Facing 
Natural 
New York 
As rec'd. 

6.2 4.5 
aa 13.4 
10.0 10.4 
2.3 2.0 
76 11.8 
88 134 
15.8 10.7 
203 163 


l4a 


System 
Natural 
New York 
As rec'd. 


System 
Synthetic 
New York 

As rec'd. 
4.5 
25.5 
10.0 
15 
17.0 
64 


l4a 15 


New 
Bank 
New York 
As rec'd. 





Sample 
Type 


Source of New Sand 
Condition 

Moisture, % 
Permeability 

Green Comp. Str., psi 
Green Deformation, % 
Green Tens. Str., 0z/in.2 
Dry Comp. Str., psi 

AFS Clay Content, % 
AFS Fineness No. 


Heap 
Natural 


New York 
As rec'd. 
7.2 
36 
6.7 
2.3 
8.2 
74 
10.8 
144 


Green facing 
Synthetic (bank) 


New 
Bank 


Dry facing 
Synthetic (silica 


washed and dried) 


Mich. 
As rec'd. 
4.6 
38 
11.2 
1.95 
17.6 
60 
0.5 6.0 
122 49 


New York 
As rec'd. 


New Jersey 


System 
Bank 


New York 
As rec'd. 
45 
22.7 
15.8 

1.5 
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Foundry No. 


16 


16 16 


17 17 


17 





Sample 

Type 

Source of New Sand 
Condition 

Moisture, %, 
Permeability 

Green Comp. Str., psi 
Green Deformation, % 
Green Tens. Str., 0z/in.2 
Dry Comp. Str., psi 

AFS Clay Content, % 
AFS Fineness No. 
Seacoal (by heavy liquid) 


Foundry No. 


New Bench 
Natural 
New York 
As rec'd. 
8.5 
6.5 
7.6 
2.6 
3.5 

60 


18 


New floor 
Natural 
New York 
As rec'd. 


Heap 
Natural 
New York 
As rec'd 


ee) 


18 


New 
Natural 
New Jersey New Jersey 
As rec'd. As rec'd. 
8.5 9.2 
36 31 
10.8 5.2 
3.55 3.4 
16.2 2.5 
74 89 
15.8 — 
7.0 — 


Heap 
Natural 


18 


Heap 
Natural 
New Jersey 
Retempered 
8.0 

48 


18 





Sample 

Type 

Source of New Sand 
Condition 

Moisture, % 
Permeability 

Green Comp. Str., psi 
Green Deformation, % 
Green Tens. Str., 0z/in.2 
Dry Comp. Str., psi 

AFS Clay Content, % 
AFS Fineness No. 
Seacoal (by heavy liquid) 


Foundry No. 


New (1958) 
Natural 
New Jersey 
As rec'd. 


New (1958) 
Natural 
New Jersey 
Mulled 
6.9 
67 
13.8 

3.05 
29.0 
80 
15.6 
65 


7b 7b 


Heap (1958) 
Natural 
New Jersey 
As rec'd. 
6.3 

58 
9.7 
2.6 

14.8 

113 


7b 7b 


Heap (1959) 
Natural 
New Jersey 
As rec'd. 





Sample 


Type 

Source of New Sand 
Condition 

Moisture, % 
Permeability 

Green Comp. Str., psi 
Green Deformation, % 
Green Tens. Str., 0z/in.2 
Dry Comp. Str., psi 

AFS Clay Content, % 
AFS Fineness No. 
Seacoal (by heavy liquid) 


Slinger 
facing 
Natural 
New York 
As rec'd. 
5.6 

46 
7.3 
2.4 
7.8 

71 

11.2 

102 


Hand foundry 
heap 
Natural 
New York New York 
As rec'd. As rec'd. 
5.9 5.9 
46 16.2 
4.1 6.3 
2.25 2.3 
3.2 4.1 
55 79 
11.5 11.3 
101 126 


Slinger 
heap 
Natural 


New New 
Natural 
New York New York 
As rec'd. As rec'd. 
7.8 8.5 
9.4 22.7 
9.5 17.0 
2.8 3.4 
7.1 25.2 
144 131 
13.7 20.3 
140 88 


Natural 


Natural 
New York 
As rec'd. 
5.1 
50 
5.0 
1.55 
2.5 
27 
66 
94 
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MOLDING PROPERTIES — IRON SANDS (continued) 


Foundry No. 19 20 20 10b 


Sample Heap New Heap System 
Type Natural Natural Natural Natural 
Source of New Sand New Jersey New Jersey New Jersey Mixture of 
New Jersey 
and Ontario 








Condition As rec'd. As rec'd. As rec'd. 
Moisture, % d 7.3 12.2 6.7 
Permeability 52 9.0 16.2 
Green Comp. Str., psi 15.2 5.5 9.9 
Green Deformation, % ; 3.6 3.7 2.7 
Green Tens. Str., 0z/in.2 : 23.4 3.7 8.6 
Dry Comp. Str., psi 133 129 156 
AFS Clay Content, % _ 14.6 _ 
AFS Fineness No. _ _ 
Seacoal (by heavy liquid) _ _ 


Foundry No. 21 21 22 22 23 


Sample Heap Heap Facing Heap Core Heap 
Type Natural Natural Natural Lake Natural 
Source of New Sand New Jersey New Jersey New Jersey Indiana New Jersey 
Condition Retempered As rec'd. As rec'd. As rec'd. As rec'd. 
Moisture, % 5.6 6.7 8.4 4.8 6.0 
Permeability 80 52 9.4 17.3 52 
Green Comp. Str., psi 10.1 9.4 10.6 15.0 
Green Deformation, % 3.6 2.25 15 2.1 
Green Tens. Str., oz/in.2 76 11.0 9.6 9.0 18.0 
Dry Comp. Str., psi 43 120 103 48 106 
AFS Clay Content, % _ 16.5 12.6 I _— 
AFS Fineness No. 75 — 95 93 _ 
Seacoal (by heavy liquid) 2.9 _ — _ — —_ 





Foundry No. 24 25 26 26 26 


Sample Heap Heap Core . Core Floor Machine 
Type Natural Natural Lake Washed and Natural Natural 
dried silica 
Source of New Sand Unknown New Jersey Indiana New Jersey Ontario Ontario 
Condition As rec'd. As rec'd. As rec'd. As rec'd. As rec'd. As rec'd 
Moisture, % 5.1 10.2 6.7 76 
Permeability 42 61 21.8 11.4 
Green Comp. Str., psi 15.1 3.3 6.1 7.2 
Green Deformation, % 2.95 3.45 2.2 2.2 
Green Tens. Str., 0z/in.2 $2.3 1.7 2.2 2.8 
Dry Comp. Str., psi 164 81 75 69 
AFS Clay Content, % _- 20.0 ’ J 11.0 13.6 
AFS Fineness No. _ 126 122 139 
Seacoal (by heavy liquid) _- _ _ _- 





Foundry No. 27 27 27 


Sample New (March) System (March) New (Sept.) 
Type Natural Natural Natural 
Source of New Sand Ohio Ohio Ohio 
Condition Mulled As rec'd, Mulled 
Moisture, % 8.5 7.3 7.2 
Permeability 13 49 44 
Green Comp. Str., psi 17.2 6.8 17.5 
Green Deformation, % 43 3.0 2.5 
Green Tens. Str., 0z/in.2 18 5.4 34.8 
Dry Comp. Str., psi 233 119 102 
AFS Clay Content, % 28.2 _ 18.4 
AFS Fineness No. 97 _ 67 








(continued on next page) 
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TABLE 6 -— TYPICAL 


Foundry No. 


28 


MOLDING PROPERTIES — IRON SANDS (continued) 


28 


28 





Sample 
Type 
Source of New Sand 


Condition 

Moisture, %, 
Permeability 

Green Comp. Str., psi 
Green Deformation, %, 
Green Tens. Str., 0z/in.2 
Dry Comp. Str., psi 

AFS Clay Content, %, 
AFS Fineness No. 


Foundry No. 


Facing (1958) 
Natural 
Ontario and 
New Jersey 
As rec'd. 
5.9 
90 
10.1 

2.8 
10.2 
118 


12b 


Dry sand (1958) New (1958) 
Natural Natural 
Ontario and New Jersey 

New Jersey 
As rec'd Mulled 
6.2 7.9 
55 119 
12.2 18.4 
3.3 2.55 
14.5 34 
164 79 
8.1 19.6 
48 32 


14b 14b 


New (1958) 
Natural 
Ontario 


Mulled 
8.3 
50 
14.9 
44 
24.6 
182 
21.9 
80 


29 


New (1959) 
Bank 
Michigan 


As rec'd 





Sample 
Iype 
Source of New Sand 


Condition 

Moisture, % 
Permeability 

Green Comp. Str., psi 
Green Deformation, %, 
Green Tens. Str., 0z/in.2 
Dry Comp. Str., psi 

AFS Clay Content, % 
AFS Fineness No. 


Foundry No. 


Facing 
Natural 
New Jersey 


As rec'd. 
5.5 
80 
7.4 
3.0 
11.8 
75 
9.0 


51 


31 


New Green facing 
Bank Synthetic 
Ontario Ontario 


As rec'd. 
5.4 
63 
13.0 
2.25 
16.8 
143 


As rec'd. 


32 


System 
Synthetic 
Mich. and Penn. 
bank sands 


As rec’d 
5.2 
61 
12.5 
2.35 
19.2 
91 


32 


Heap 
Synthetic 
Mich. bank, New 
Jersey washed and 
dried silica 
Ohio natural 
As rec'd 
1.3 
75 
11.9 

2.6 
18.2 
155 


33 





Sample 

Type 

Source of New Sand 
Condition 

Moisture, %, 
Permeability 

Green Comp. Str., psi 
Green Deformation; % 
Green Tens. Str., 0z/in.2 
Dry Comp. Str., psi 
AFS Clay Content, % 
AFS Fineness No. 


Foundry No. 


New 
Bank 
Michigan 
As rec'd. 


System New 
Synthetic Bank 
Michigan New York 
As rec'd. As rec'd 

79 
16.2 
146 
15.8 


244 


35 


Heap 
Synthetic 
New York 

As rec'd 
4.3 
54 
7.8 
905 
12.2 
122 


36 


Heap 
Synthetic 
Minnesota 
As rec'd 
5.8 
38 
17.8 
2.25 
35.0 


36 





Sample 
Type 


Source of New Sand 


Condition 

Moisture, % 
Permeability 

Green Comp. Str., psi 
Green Deformation, % 
Green Tens. Str., 0z/in.2 
Dry Comp. Str., psi 

AFS Clay Content, % 
AFS Fineness No. 


Facing 
Washed and 
dried silica 

Manitoba 


As rec'd. 
69 
38 
13.4 
1.55 
28.4 
222 


New Heap 
Bank Synthetic 
Michigan Michigan 
As rec'd. 
5.7 
42 
16.4 
2.1 
25.0 
82 
0.3 _ 
110 — 


As rec'd. 


New 
Bank 


Local 
(Ontario) 
As rec'd. 


System 
Synthetic 


Ontario and 
Indiana 
As rec'd 

5.5 
61 
9.8 
2.8 
18.4 
174 
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Foundry No. 


37 


37 


37 





Sample 

Type 

Source of New Sand 
Condition 

Moisture, % 
Permeability 

Green Comp. Str., psi 
Green Deformation, % 
Green Tens. Str., 0z/in.2 
Dry Comp. Str., psi 
AFS Clay Content, % 
AFS Fineness No. 


New 
Lake 
Indiana 
As rec'd. 


Facing 
Synthetic 
Indiana 
As rec'd. 
4.5 

126 
13.2 
3.25 
25.5 
105 


Heap 
Synthetic 
Indiana 
As rec'd. 
4.1 

126 
12.2 
2.45 
22.6 
108 





TABLE 7—SAND TESTING PRACTICE 


OF CANADIAN 


FOUNDRIES 





Foundry 


No. Metal Sand 


Tests 





Gr. Comp. 


Mois. Perm. - Str. 


Foundry 
No. Metal 


Tests 





Sand Mois 


Gr. Comp. 


; Perm. 


Str Other 





I Bronze Natural 


2 Alumi- 
num 


Natural 


Bronze Natural 


Bronze Natural 


Bronze Natural 


Bronze Natural 


Mulled 
Natural 


Bronze 
and 
iron 
Mulled 
Natural 


Mulled 
Natural 


Mulled 
Natural 


Bronze 


Bronze 


Bronze 
and 
iron 
Mulled 
Natural 
Mulled 
Natural 


Bronze 


Bronze 
and 
iron 


Bronze Synthetic 


Natural 
and 
Synthetic 


Bronze 
and 
iron 


Bronze Synthetic 


Natural 
Natural 


Mulled 
Natural 


Daily — — 


Occa- 
sion- 
ally 


Occa- 
sion- 
ally 


Occa- 
sion- 
ally 


Occa- 
sion- 
ally 


Occa- 
sion- 
ally 


Hourly Hourly Hourly 


4/day 4/day 4/day 


Weekly Weekly Weekly 


Hourly Hourly Hourly 


4/day 4/day 4/day 


4/day 4/day 4/day 


Every 
batch 


2/day 2/day 


Hourly Hourly Hourly 


Daily 


Deformation 4/ 
day ventability 
and _ bondability 
2/day silt, clay, 
fines, volatile, 
carbonaceous, 
pH 2/week; hot 
properties oc- 
casionally. 


Deformation, 
4/day 


Dry strength, 
combustible 
daily 


19 Iron 


20 Iron 


Iron 


Iron 


Iron 


Malle- 
able 


Iron 


Iron 
and 
Non- 
ferrous 


Iron 


Mulled 
Natural 
Mulled 
Natural 


Occa 
sion- 
allv 
Mulled 
Natural 
Mulled 
Natural 
Mulled 
Natural 
Mulled 
Natural 
Unmulled 
Natural 
Mulled 
Natural 


Mulled 
Natural 


2/hr 


Synthetic 


Synthetic 


Synthetic 


Synthetic 


Synthetic 


Synthetic 


Occa 


sion- 
ally 


Synthetic 


Occa 
sion- 
ally 


Synthetic 


Synthetic 


Synthetic 


- Occa- 


4/day 


4/day 


6/day 


Daily 


Daily 


2/day 


Daily 


4/day 


3/day 


4/day 


sion- 
ally 


4/day 


4/day 


day 


6/day 


Daily 
Daily 


2/day 


Daily 


4/day 


3/day 


4/day 


Occa- 


sion- 
ally 


4/day 


Screen test 
monthly 


day 


i/day 


Combustible, 
screen test 
monthly 


‘day 


Daily 


Daily 


Green deforma 
tion daily 
Flowability, 
2/day 


2/day 


Daily 


4/day 


$3/day Screen test oc 


casionally 


Screen test, com- 
bustible, pH oc- 
casionally. 


4/day 
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Division Working on Three Books 


@ Work on three AFS books is cur- 
rently being conducted by various 
committees of the Sand Division. Re- 
ports on committee activities were 
made at the January meeting of the 
division’s executive committee. 

Books in progress: 

MOLDING METHODS AND MATERIALS 
—36 papers, comprising six chapters 
have been completed; 95 papers 
covering 26 chapters will be reviewed 
in the near future. 

ConTROLLED Castincs HANDBOOK— 
A quantity of pictures has been re- 
ceived through solicitation of the AFS 
chapters. Work is progressing on the 
manuscript. 

Sanp Hanpsoox—Several commit- 
tees have completed their review of 
the book; others are expected soon so 
that final preparation can be made on 
the new edition. 

Other reports: 

Core test Committee—Working on 
tentative tests for CO2 and air-setting 
binders. At next meeting to decide on 
future work on new materials. 

Mold Surface Committee—Investi- 
gating all means for evaluating sur- 
face finish, the effect of mold surface 
and cleaning methods on the as-cast 
surface. 

Shell Mold & Core Committee— 
Plans on developing a form to be used 
in reporting shell molding problems 
and their solutions. A sub-committee 
is considering the preparation on safe- 
guards in handling shell mold materi- 
als. Consideration is being given to 
investigating improved shell cores for 
non-ferrous foundries, particularly for 
the casting of aluminum where a high 
degree of collapsibility is important. 

Materials Used in Malleable Foun- 
dries Committee—A questionnaire is 
being prepared to be sent to all malle- 
able foundries for use with the study 
of pinhole porosity defects in malle- 
able castings. 

Core Test Committee—Tentative 
tests on COe and air-setting binders 
have been completed and a report will 
be carried in coming Mopern Cast- 
INGS. 

Canadian Committee—Committee 
report covering Canadian sands will 
be presented at the Castings Congress. 
P. H. B. Hamilton, Dominion Engi- 
neering Works, Ltd., Montreal, Cana- 
da, has been named as committee 
chairman succeeding A. E. Murton, 
resigned. 

T. E. Barlow, Eastern Clay Prod- 
ucts Dept., International Minerals & 
Chemical Corp., Skokie, Ill., was se- 
lected as the American corresponding 
representative to the International 
Working Group on Bonding Clays. 








Board Names 2 


@ National Director and former 
AFS President, L. H. Durdin, 
Dixie Bronze Co., Birmingham, 
Ala., has been re-elected by the 
AFS Board of Directors as an 
AFS-T&RI Trustee. He will 
serve a four-year term, 1960- 
1964. 

National Director N. N. Am- 


L. H. Durdin N. N. Amrhein 


rhein, Federal Malleable Co., 
West Allis, Wis., has been elect- 
ed by the AFS Board of Direc- 
tors to a two-year term as an 
AFS Trustee to the Foundry 
Educational Foundation. He 
succeeds W. D. Dunn. 








Apprentice Contest 
Closes on April 8 


@ April 8 is the closing date for 
national judging in the AFS 
Robert E. Kennedy Memorial 
Apprentice Contest. All entries 
must be received at the Univer- 
sity of Illinois, Navy Pier, Chi- 
cago, not later than 5:00 pm. 











Name T. T. Lloyd 


@ Thomas T. Lloyd, associated with 


Albion Malleable Iron Co., 
Mich., since 1936 
and with the re- 
cent acquisition 
of Muncie Malle- 
able Foundry 
Co., Muncie Ind., 
vice-president in 
charge of opera- 
tions at both loca- 
tions, has been 
named an AFS 
Director at Large. 
Lloyd is chairman of the AFS Publi- 
cations Committee and a member of 
the AFS-T&RI Course Advisory Com- 
mittee. 


Albion, 


T. T. Uoyd 





E. M. Sobota P.C. Rosenthal V. A. Guebard, Jr. 


H. O. Boehm 8B. H. Booth 


ae 


P. Ritzenthaler 


Wisconsin Regional Draws 


600 to Foundry Conference 


® Disrupted transportation schedules 
and blocked highways caused by the 
area’s worst snow storm of the winter 
failed to keep 600 foundrymen from 
the annual Wisconsin Regional Found- 
ry Conference and the 25th anniver- 


sary of the Wisconsin Chapter. 


Some speakers were delayed caus- 
ing shuffling of the program, but the 
two-day conference, Feb. 11-12 at 
Milwaukee, was presented with only 
minor adjustments. Twenty technical 
talks in five major divisions were pre- 
sented in simultaneous sessions. 
addition there were talks of general 
interest, luncheons, a banquet, plant 
visitations and a ladies program. 

Conference sponsors were the AFS 
Wisconsin Chapter and the Universi- 
ty of Wisconsin. Lawrence J. Andres, 
Lawran Foundry Co., was conference 
president. Bradley H. Booth, Carpen- 
ter Bros., Inc., was conference gen- 
eral chairman with the following 
co-chairmen: Prof. P. C. Rosenthal, 
University of Wisconsin; E. M. Sobo- 
ta, Wisconsin Electric Power Co.; V. 
A. Guebard, Jr., International Har- 


vester Co. 


Pattern Talks 


Emphasis on new products and 
processes was stressed at the pattern 
sessions. Patternmakers were encour- 
aged by William Weaver, Modern 
Pattern & Plastics Co. to diversify 
their operations and to consider adopt- 
ing room temperature and high tem- 
perature epoxies, in his talk, New Ap- 
plications in Plastic Patternmaking. 
Weaver stated that 60-70 per cent 
of the new business in his shop came 
through the new epoxies. O. J. Seeds, 
Cerro-De-Pasco Sales Corp., pointed 
out the advantages of ultra low melt- 
ing metals having dimensional accu- 
racy, speed of production and excel- 
lent reproduction in The Hows and 
Whys of Low Melt Metals for Pattern 


Use. 


116 «+ modern castings 


The increasing use of electrical de- 
position of metals, with the normal 
plating amounting to only a few thou- 
sandths of an inch but with superior 
bonding properties, was outlined by 
Phil Ritzenthaler, Plating Engineer- 
ing Co., in presenting Electroforming 
for Pattern Construction and Repair. 
Advantages of making patterns by the 
Shaw process was described by Rich- 
ard Christenson, Cast Masters. In 
most cases they are doing supplemen- 
tary machining to get the final few 
thousandths of an inch accuracy re- 
quired. 


Gray Iron Talks 


Strict maintenance of control and 
research was stressed in gray iron 
papers. 

Six specific types of heat treatment 
at Lynchburg Foundry Co., were ex- 
plained by P. H. Dirom, Jr., in Heat 
Treatment of Gray Iron and Ductile 
Iron. These types are: stress reliev- 
ing, higher temperature stress reliev- 
ing, low temperature annealing, high 
temperature annealing, normalizing 
and quenching in oil and tempering. 
T. W. Curry, also of Lynchburg 
Foundry, outlined and described var- 
ious types of quality control, meth- 
ods for installation and specific recom- 
mendations in Quality Control in the 
Manufacturing of Gray Iron and Duc- 
tile Iron Castings. By speeding the 
tests and their interpretation, you can 
narrow the spread of operating vari- 
ables. 

Victor Rowell, Federal Foundry 
Supply Div., Archer-Daniels-Midland 
Co., warned foundrymen that cus- 
tomers are placing increasing empha- 
sis on quality whether the item is 
cast or fabricated by other means. In 
High Strength Molding Sands for the 
Jobbing Shop, he recommended in- 
vestigation of the better mold wall 
stability and high temperature stabil- 
ity possible with these sands. Carl L. 


T. W. Curry 


Loper, Jr., University of Wisconsin, in 
The Gas-Fired Cupola, reported on 
investigations at the university. The 
process holds many advantages as a 
replacement for coke in the foundry 
cupola. However, commercial use is 
not in the immediate future due to 
present limitations. 


Non-Ferrous Talks 

Defining and solving of various 
problems were discussed by non-fer- 
rous speakers. Problems of Aluminum 
Permanent Molding were presented 
by a panel composed of Merlin Ros- 
tad, Rostad Aluminum; Edward Troy, 
Est Co.; William Eckert, Metamold 
Corp. Among the topics were the use 
of mold coatings, correct feeding and 
control of mold temperature. 

Michael Bock, Exomet, Inc., in 
Aluminum Risering, Feeding, Degas- 
sing and Grain Refinement, pointed 
out that grain refining, degassing and 
risering for improved solidification and 
physical properties were all interre- 
lated. The solution of one is only a 
partial solution of the problem. He 
forecast an increasing use of alumi- 
num through new molding materials 
which will impart increased chilling 
effects on aluminum. 

Practical applications in specific 
foundries were presented by W. R. 
Oakley, Delhi Foundry Sand Co. A 
set of slides illustrated the new CO2 
molding line for brass plumbing fit- 
tings at the foundry of American 
Standard Co. For proper sodium sili- 
cate additions, sand fineness should be 
measured frequently. Turbulence was 
advanced as the most common cause 
for scrapping non-ferrous castings by 
R. A. Colton, Federated Metals Div., 
American Smelting & Refining Co. 
Recommendations for minimizing tur- 
bulence were use of rectangular down 
sprues, use of a well under the down 
sprue, use of choke cores, placing of 
the sprue near the side of the flask 
and avoiding pouring from too great 


a height. 
Malleable Talks 


The importance of controls in all 
phases of foundry operations were 
stressed by malleable speakers. 

Full benefits of work measurement 





L. J. Andres 


standards cannot be obtained by man- 
agement which looks upon them as 
necessary evils. Properly used, they 
can be the most valuable tools a 
manager can employ to keep his bus- 
iness healthy and profitable, said Rob- 
ert Wills, Stevenson, Jordon & Harri- 
son, in his talk on Introduction and 
Administration of Standards. He em- 
phasized that the standards orienta- 
tion meeting prior to the adoption 
of the standards is the most impor- 
tant step as far as workers are con- 
cerned. 

A detailed description of Air Fur- 
nace Operation at Auto Specialties 
was given by Andrew Kavosi, Jr., 
Auto Specialties Mfg. Co. of Canada. 
A definite maintenance program is 
employed and attempts are made to 
keep all variables to a minimum. In 
varying tonnages, the only change is 
in the raising and lowering of the 
bottom—the height of the bridgewall 
is not changed; sidewalls and tap- 
blocks are 28 in. above the bottom 
at all times and slope to 20 in. at 
the bridgewall; regardless of the ton- 
nage melted, the burner remains at 
an angle of 15 deg horizontal and 
5 deg on the vertical. 

Watching moisture during the cy- 
cle of the sand is an important factor 
in the control of casting quality, J. S. 
Schumacher, Hill & Griffith Co., told 
foundrymen in Sand Control and Cast- 
ing Quality. Schumacher reported on 
controlled moisture tests under nor- 
mal foundry operating conditions 
where the optimum moisture content 
was 3.7 per cent. Variations up to 
4.0 per cent and down to 2.7 per 
cent, all well within actual foundry 
limits, greatly affected the quality of 
the castings. 

Advantages of using shell core sand 
were outlined by Frank Less, Durez 
Plastics, in Shell Core Sand. Included 
are: reduced weight on cores, elimi- 
nation of driers, rods and wires, bet- 
ter storage characteristics and fewer 
ovens required. 


Steel Talks 


Steel speakers emphasized new de- 
velopments in the foundry field. In 
Alloy Control in Acid Steel Melting, 
Harold Barnum, Vanadium Corp. of 


F. Fazzari 


America, pointed out that alloys now 
comprise 25 per cent of all steel 
castings. He explained normal proce- 
dures in the acid steel melting down 
period and the reasons for the addi- 
tion of iron ore and lime as well as 
the additions of slag deoxidizers and 
its effect on control of FeO and the 
effects of over-deoxidation. 

R. A. Flinn, University of Michi- 
gan, in Applications of Ceramics to 
Problems in Cast Metals, pointed out 
the similarities in metal and ceramic 
phase diagrams. A study and knowl- 
edge of ceramics and their effect up- 
on metals will likely solve many of 
the present foundry problems and 
lead to quality castings. Problems of 
ceramics in steel foundries are now 
encountered in the melting furnace, 
ladles, mold materials and the clean- 
ing room. 

A foundryman’s view on a new 
polymer sand binder was given by 
Carl Baumgartner, Crucible Steel 
Castings Co. This extremely high 
molecular weight, synthetic, water 
soluble polymer has an _ extremely 
tenacious bond film character. Al- 
though the cost is high it is justified 
by: increased mold productivity (10 
per cent more molds with the same 
manpower and molding hours); re- 
duced handling costs; easier transport 
through pneumatic equipment; and 
the waxy residue left on pattern 
equipment allows a clean draw. 

Natural Gas Cutting was discussed 
by a four-man panel. Chairman Don 
Koch, Sivyer Steel Castings Co., read 
the paper of author Glen Hibbard, 
Milwaukee Gas Light Co., who stat- 
ed that some cutting jobs cannot be 
done as fast with natural gas as with 
oxy-acetylene but that most jobs can 
be done equally fast at less cost. He 
stated that all of the major steel sup- 
ply companies in Milwaukee use nat- 
ural gas to cut mill stock to order for 
their customers. Robert L. Lacy, Vic- 
tor Equipment Co., told of the latest 
cutting equipment and of the ad- 
vantages of the process which include 
low fuel cost and unusually clean cuts. 

Raymond O. Fish, Harnischfeger 
Corp., emphasized that adequate vol- 
ume must be present for satisfactory 
results since natural gas has a slower 





1m 


J. A. Schumann R. Wills 


rate of combustion than does acety- 
lene. This, combined with a some- 
what lower developed flame temper- 
ature, makes it imperative that gas 
supply techniques be changed with 
a conversion to natural gas. Robert 
L. Laughrin, Falk Corp., described 
why his company did not adopt this 
method after a trial period. He added 
that whether or not the use of natural 
gas will save money depends upon 
the individual cost picture and gas 
cutting requirements. 


General Talks 


Kurt F. Wendt, Dean, College of 
Engineering, University of Wisconsin, 
and AFS Vice-President N. J. Dun- 
beck spoke at the Thursday morning 
kickoff. Dean Wendt outlined prob- 
lems educators will be facing with the 
rising population. Many educators and 
industries will be faced with such 
problems as better training of per- 
sonnel, greater increase on technical 
and vocational programs, and research. 

Wendt stated that two factors are 
responsible for challenges that educa- 
tors must face in the coming years. 
These are the increasing population 
and the increase in knowledge. Wendt 
said that 75 per cent of products now 
in use have been developed and man- 
ufactured on processes less than 15 
years old. 

Among problems facing educators 
are: an upgrading of the faculty, an 
expansion of technical programs, in- 
creased use of visual aids and a pos- 
sible fifth year of college. 

Dunbeck emphasized that industry 
must devote more of its funds to re- 
search and called attention to the 
‘small amount spent by the foundry 
industry for this purpose. He pointed 
out that much technical information is 
available through the AFS Training 
& Research Institute training program 
and the 64th Castings Congress. 

Other speakers during the confer- 
ence were John Varga, Battelle Me- 
morial Institute, who spoke on Recent 
Developments in the European Found- 
ry Industry; luncheon speakers Dr. 
Paul J. Mundie and the Rev. T. 
Parry Jones and banquet speaker 
Harold J. Ruttenberg. 


® Photos by Bob DeBroux 
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D. E. Feather 


28th Southeastern Regional 
Foundry Conference 


WELCOME . .. to the oldest consecutive foundry conference in the AFS 
. . . the 28th Southeastern Regional . . . sponsored by the Birmingham 
District Chapter, Tennessee Chapter and University of Alabama Student 
Chapter . . . held in Birmingham, Ala., Feb. 18 and 19. 

And so 350 foundrymen and 75 ladies came to join in the technical 
conferences and social hospitality that typifies this annual meeting. Con- 
ference Chairman J. R. Cardwell, Stockham Valves & Fittings, Inc. and 
Vice-Chairman Ernest Finch, American Cast Iron Pipe Co., arranged a 
program that included ten technical speakers, a luncheon, banquet and 
ladies’ reception. Traditionally, Friday morning was plant visit time and 
practically every Birmingham foundry and pattern shop opened its doors 
to visitors. Conference was climaxed with the annual banquet where Dr. 
V. Dewey Annakin, Indiana State College, provoked considerable thought 
with his talk on “Backdrop for Survival.” 


remarks. He then described 13 dif- 
ferent types of molds used for sand 
castings, 6 classifications for molding 
techniques and 5 special techniques. 


COMPARISON OF MOLDING 
METHODS .. . by G. H. Sanders, 
American Colloid Co., Skokie, Ill. . . . 
“There are many methods and prac- 
tices to select from in operating a 
foundry. The foundry industry for 
years has been trying to improve on 
old methods, techniques of molding 
practice and the raw materials used. 
This is a healthy condition as it pro- 
duces and encourages many advance- 
ments for such a basic industry.” 
These were speaker Sander’s opening 


HOW AFS IS MOVING AND WHY 

. by A. B. Sinnett, American 
Foundrymen’s Society, Des Plaines, 
Ill. . . . This talk alerted foundrymen 
to the vast array of services available 
to them from AFS . . . including 
technical committee activities, Train- 
ing & Research Institute courses and 
studies, MopeRN CastINcs magazine, 


T. T. Bales, chairman 
student AFS chapter, 
University of Ala- 
bama, J. R. Cardwell, 
conference chairman, 
and C. E. Seman, con- 
ference co-chairman. 


C. A. Sanders pre- 
sents the opening 
talk at the confer- 
ence. 


A. B. Sinnett told 
about the future of 
AFS at session with 
L. H. Durdin presid- 
ing. 


Safety, Hygiene & Air Pollution Con- 
trol, local Chapter meetings, annual 
Castings Congress and the biannual 
Exposition. 


CHARGING MATERIAL FOR CU- 
POLA ... by R. A. Clark, Union 
Carbide Metals Co., Div. of Union 
Carbide Corp., Cleveland . . . “The 
foundry cupola is a counterflow fur- 
nace in which the charge descending 
in the shaft is in close contact with 
fuel, fluxes and products of combus- 
tion. This is fortunate because it gives 
the cupola the highest thermal effi- 
ciency of any melting furnace. On the 
other hand, it introduces some prob- 
lems in that the close contact be- 
tween the metal and products of com- 
bustion causes reactions which are 
sometimes a little difficult to control.” 
These are the words of speaker Clark 
who went on to describe in consider- 
able detail the characteristics of dif- 
ferent charge materials such as pig 
iron, scrap and alloys and how they 
affected the final analysis of the iron 
at the spout. 


DUCTILE IRON-PRODUCTION 
AND CONTROL ... by H. Hender- 
son, Lynchburg Foundry Co., Lynch- 
burg, Va. . . . “Ductile iron castings 
have replaced castings made of alloy 
gray iron, malleable iron, pearlitic 
malleable, plain carbon steel, alloy 
steel and bronze as well as steel weld- 


R. A. Clark receives a 
set of AFS cuff-links 
from M. D. Neptune. 
Each speaker on the 
program received this 
award. 


Harvey Henderson ad- 
dressed the confer- 
ence on the subject 
of ductile iron. 


K. L. Landgrebe was 
chairman of the ses- 
sion at which C. E. 
Drury spoke about 
pouring variables. 





ments and forgings of carbon steel, al- 
loy steel and aluminum. An increasing 
number of parts are being designed 
in ductile iron and the drawings spe- 
cify ductile iron of specific properties.” 
Speaker Henderson followed these 
opening remarks with a step-by-step 
description of how Lynchburg pro- 
duces ductile iron in a water-cooled 
protruding tuyere 1000 F hot-blast 
acid-lined cupola. He then traced all 
the controls exercised in melting, gat- 
ing, risering, molding, pouring and 
inspection. 


POURING EFFECT ON SCRAP... 
by C. E. Drury, Central Foundry Div., 
GMC, Saginaw, Mich. . . . “Although 
pouring rates will be affected by mold- 
ing sand conditions, iron tempera- 
tures, analysis, design, gating, mold- 
ing equipment, etc., this 1200-hr 
study dealt only with iron pressure 
and the area through which the iron 
flows,” said Drury. He then proceeded 
to show how the pouring rate was 
influenced by sprue cups, sprue post 
diameter and length, runner area, 
runner chokes and ladle height. 


FOUNDRY REFRACTORIES —1960 
... by J. H. Rickey, Jr., The Ironton 
Fire Brick Co., Ironton, Ohio . 

“Cupolas operating with acid slags 
use acid type refractories such as fire 
clay, brick, fire clay plastics, siliceous 
gun mixes and ramming materials . . . 


Only when a complete reline is need- 
ed does the foundryman revert to a 
full cupola block lining. Instead a 
monolithic patch is applied each day 
in the melting zone with an air place- 
ment gun or by hand ramming .. . 
Graphite bearing plastic refractories 
have melting points so high they are 
not melted by molten iron.” The 
speaker then went on to describe 
ladle-lining practices and refractory 
requirements in malleable iron, steel 
and non-ferrous foundries. 


NEW OPPORTUNITIES FOR THE 
PATTERN INDUSTRY ... by M. K. 
Young, United States Gypsum Co., 
Chicago . . . Speaker Young pointed 
out that: “Because of negative think- 
ing and resistance to change, only 10 
to 15 per cent of the 13,000 pattern- 
makers know how to use plastics and 
make plastic patterns Plastic 
pattern fabrication is making possible 
new products that might have former- 
ly died on the drawing boards or in 
the design stage because the customer 
did not have enough money to make 
new equipment by the traditional 
techniques.” A film was shown to 
demonstrate techniques for making 
duplicate patterns and matchplates. 


LET'S TAKE A LOOK AT SHELL 
MOLDING .. . by O. Schopp, Link 
Belt Co., Indianapolis . . . The speak- 
er described evolution of the four- 
stage shell molding machine from the 


Ralph Carlson pre- 
sided when J. H. 
Rickey, Jr. talked 
about modern found- 
ry refractories. 


Ray Olson inspects 
the exhibit prepared 
by M. K. Young to 
illustrate his talk on 
new pattern tech- 
niques. 


Speaker C. O. Schopp 
talks to session chair- 
man Dan Dimick 
about shell molding. 


eight-stage machine. A color movie 
showed shell-molding operations at 
the Ewart Foundry. And a selection 
of small castings and shell cores dem- 
onstrated the capabilities of their res- 
in-bonded sand system. 


THE AIR WE BREATHE-IS IT 
FREE? .. . by J. B. Skinner, Amer- 
ican Mutual Liability Insurance Co., 
Wakefield, Mass. . . . “You breathe 
35 Ib of air a day . . . you can live 
without food and water for days but 
only four minutes without air . 

the higher the metal-pouring temper- 
atures and the bigger the castings the 
greater the hazard of silicosis in sand- 
system foundries . . . high temper- 


atures convert quartz silica to the 
cristobalite form which is physiolog- 
ically more damaging.” 


ENGINEERING CHARACTERIS- 
TICS OF STEEL CASTINGS . 

by C. B. Jenni, General Steel Castings 
Corp., Eddystone, Pa. During 
the course of his talk, speaker Jenni 
pointed out that: “Steel castings can 
be produced in complex shapes with 
efficient distribution of metal, uniform 
structure, nondirectional properties, 
wide range of mechanical properties, 
good machinability and weldability, 
dimensional stability, fatigue resist- 
ance and creep resistance.” Further 
remarks covered metallurgical control, 
foundry practices, nondestructive test- 
ing and inspection. 


C. E. Seman intro- 
duced speaker J. B. 
Skinner who explain- 
ed some of the air 
pollution problems 
facing the foundry 
industry. 


John Carpenter chair- 
manned the steel cast- 
ings session which 
featured C. B. Jenni 
on the rostrum. 


Conference was 
closed with the tra- 
ditional annual ban- 
quet. 


April 1960 + 119 





ANNOUNCING .... 


1960 TRAINING COURSES 
SPONSORED BY AFS TRAINING 
& RESEARCH INSTITUTE 


APRIL—JULY 


Subject and Description (Days) Given 





Shell Molds and Cores April 11-13 3 Chicago 


A critical study of the process—its application, problems, and practical solutions for cost 
reduction. Methods of production and planning, mixes, mulling cycles, resins, sand and 
operating problems are intensively studied. Instructive information on shell cores—appli- 
cation, economics, procedures, casting quality and limitations. Course provides practical 
instruction for all interested foundry personnel. Typical case problems welcomed for class 
discussion. COURSE NO. 6 


Production of Ductile Iron June 27-29 


Melting equipment and melting practices are emphasized for lowering production costs. All 
phases of production are presented—metallurgy, inoculants, quality control, pouring prac- 
tices, raw materials and inspection methods. Specialized course for all foundry personnel 
producing ductile iron or contemplating entering this casting field. COURSE NO. 7 


Blue Print Reading, Estimating July 11-13 
Basic fundamentals and principles necessary when considering new jobs. Job analysis tech- 
niques are presented in logical step-by-step procedure . . . including the initial reading 
of blueprints to production planning. Practical methods of estimating new jobs are studied, 
emphasizing “danger points” which can increase production costs. This course covers in- 
formation which is vitally important for economically successful foundry operations. Key 
personnel involved in these responsibilities can learn new techniques. COURSE NO. 8 





Courses to be Presented in AFS-T&RI 
1960 Training Program 


REGISTRATION NOW OPEN. Make reserva- 
tions for all 1960 AFS-T&RI training courses 
by course numbers and dates — ~—. 

: ‘ A trations accepted in order as received at AF 
=e a pce pee 9 ee Headquarters, Golf & Wolf Roads, Des 
—.? Plaines, lil 











Core Practices ..... 
Course No. 10 


Foundry Refractories 
Course No. 11 Sept. 12-14 Chicago 


Economical Purchasing of Foundry Materials ... $60 
Course No. 12 Sept. 26-28 Chicago 


Sand Testing $150 
Course No. 13 Oct. 10-14 Detroit 


Foundry Plant Layout $60 
Course No. 14 Oct. 24-26 Chicago 


- Discussing metallurgy of ferrous alloys course presented during 
Metallurgy of Light and Copper-Base Alloys 3 February by the AFS-Training & Research Institute in Chicago 
Course No. 15 Nov. 7-9 Chicago are instructors Prof. Robert V. Wolf, Missouri School of Mines 
and C. G. Mickelson, American Steel Foundries (both standing). 
Seated are students E. P. Sitarz, Prospect Foundry, Inc.; Jerome 
Sand Control & Technology ......... Pardo, Harry W. Dietert Co.; and E. J. Fernadez, Plainville Cast- 
Course No. 16 Dec. 5-7 Detroit ing Co. 
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AFS-T&RI Gating & Risering Course 
Links Theory with Actual Problems 


@ Does the grass always look green- 
er on the other side? It did to found- 
rymen attending the AFS Training 
& Research Institute Gating and Ris- 
ering course, Feb. 3-5 in Chicago, 
when they advanced solutions to prac- 
tical problems submitted by others 
attending the course. 

Drawing upon their own _back- 
grounds and the course material pre- 
sented by experts in the field, found- 
rymen were able to suggest solutions 
to many of these bottlenecks. 

Another step in the linking of the 
theoretical with the practical was the 
study of a specific molding problem. 
Students were divided into steel, gray 
iron and non-ferrous groups and each 
given the same problem which was 
the molding pattern for the 1959 
Apprentice Contest. The groups stud- 
ied and analyzed the pattern for 
gating and risering and submitted re- 
ports. Recommendations were ad- 
vanced for making the casting from 
the metal of their group. Winning en- 
tries in the Apprentice Contest were 
then shown to illustrate how the na- 


tion’s top beginners had attacked the 
problem in 1959. 

Among subjects covered in the 
course were basic fundamentals of 
heat transfer and fluid flow, flow pat- 
terns in horizontal and vertical gat- 
ing systems and mold cavities, gating 
and risering of ferrous castings and 
non-ferrous alloys. 

Instructors were Dr. W. K. Bock, 
National Malleable & Steel Castings 
Co., Cleveland; Prof. J. F. Wallace, 
Case Institute of Technology, Cleve- 
land; R. A. Colton, American Smelt- 
ing & Refining Co., Houston, Texas; 
AFS-T&RI Director S. C. Massari and 
AFS-T&RI Training Supervisor R. E. 
Betterley. 

In addition to the lectures, three 
movies were shown. “Metal Flow in 
Molds” by the Institute of British 
Foundrymen and the AFS films “Ef- 
fect of Horizontal Gating Design on 
Casting Quality” and “A Study of Ver- 
tical Gating Design.” 

At the close of the course Better- 
ley conducted a brief test covering 
important points discussed. 


AFS-T&RI Maintenance Course 
Attended by 37 in Birmingham 


@ Thirty-seven foundrymen from the 
southeastern region attended the Pre- 
ventive Maintenance course, co-spon- 
sored by the AFS Birmingham 
Chapter and the AFS Training & Re- 
search Institute. The three-day course 
was held Feb. 15-17 at the Hotel 
Thomas Jefferson, Birmingham, Ala. 

The course stressed the develop- 
ment of preventive maintenance phi- 
losophy and how to set-up and 
administer a preventive applications 
program. In addition, considerable 
attention was given to the specific 
problems of molding and core ma- 
chines and ventilation, air and safety. 

R. E. Betterley, T&RI Training 
Supervisor, conducted the orientation 
session and an achievement test in re- 
viewing the course material. 

S. C. Massari, T&RI Director, dis- 
cussed equipment operating problems 
involved in melting, heat treating, 
cleaning as well as lifting equipment. 

Richard Allchin, Rotor Tool Co., 
Cleveland, and Warren Rhoades, 
Cooper-Bessemer Corp., Dallas, Tex- 
as, outlined operating problems in- 
volved in compressed air systems and 


tools. Instructions on hand tools were 
supplemented with the presentation 
of a sound movie. 

William D. Lee, General Electric 
Co., Schenectady, N. Y., dealt with 
the problems encountered with elec- 
trical equipment and controls and 
showed a sound film on “Productive 
Maintenance”. 

K. M. Smith, Caterpillar Tractor 
Co., Peoria, Ill., explained how to 
set-up and operaie an effective main- 
tenance program. Discussion also 
included problems and solutions en- 
countered in materials handling equip- 
ment. 

George Koren, Beardsley & Piper 
Div., Pettibone Mulliken Corp., Chi- 
cago, covered the field of molding 
and core machines with recommenda- 
tions advanced for the lubrication, 
inspection and scheduling of mainte- 
nance work. 

H. J. Weber, AFS Director of Safe- 
ty, Hygiene & Air Pollution Control 
Program, discussed ventilation, air and 
safety, including safety-maintenance 
relationship, dust collectors, fans and 
blowers. 


V. M. Rowell T. W. Seaton 


Head Division 


@ Victor Rowell, Federal Foundry 
Supply Div., Archer-Daniels-Midland 
Co., Cleveland, and formerly Vice- 
Chairman of the Sand Division has 
been named as Chairman of the Divi- 
sion succeeding L. J. Pedicini, Knight 
Engineer Est., Zurich, Switzerland, 
who resigned. 

T. W. Seaton, American Silica 
Sand Co., Ottawa, Ill., has been 
elected as Division Vice-Chairman. 


Shell Course Set 
for April 11-13 


@ One April course, Shell Molds and 
Cores, will be presented in April by 
the AFS-Training & Research Insti- 
tute. The course will be held April 
11-13 in Chicago. No classes will be 
held during May due to the 64th 
Castings Congress & Castings Exposi- 
tion. 

Activities will resume June 1-3 at 
Indianapolis with the AFS Central 
Indiana Chapter co-sponsoring Pre- 
ventive Maintenance. Production of 
Ductile Iron will be held June 27-29 
at Chicago followed by Blueprint 
Reading and Estimating, July 11-13 in 
Chicago, and Cupola Melting of Iron, 
July 25-29 at Chattanooga, Tenn., in 
cooperation with the AFS Tennessee 
Chapter. 

The courses in Chicago will be at- 
tended by 33 students, with the aver- 
age student likely to be a foundry 
foreman, superintendent, metallurgist 
or engineer, according to figures com- 
piled on the first three years of AFS- 
T&RI operations. 

Figures show that during this time 
36 courses were attended by 1152 
students—1031 Americans, 111 Cana- 
dians and 10 foreign foundrymen. 

Foundries to date have accounted 
for more than 81 per cent of com- 
panies sending students to courses. 

When established, the AFS-T&RI 
courses were intended mainly for 
foundry middle supervision. Figures 
show that more than 70 per cent of 
the foundrymen-students attending 
the courses fall into this classification. 
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Members of the Executive and Programs and Papers Committees of the Die Casting & Perma- 
nent Mold Division at February meeting in Chicago. Left to right: F. C. Bennett, Dow Chem- 
ical Co., Midland, Mich.; H. E. Eriksen, Chrysler Casting Plant, Kokomo, Ind.; L. W. Wickson, 
Centr-O-Cast & Engineering Co., Detroit; C. B. Curtis, Maytag Co., Newton, lowa; P. D. Frost, 
Battelle Memorial Institute, Columbus, Ohio; W. J. Grassby, Bendix Products Div., Bendix 
Aviation Corp., South Bend, Ind.; J. W. Meier, Dept. of Mines & Technical Surveys, Ottawa, 
Ont., Canada; D. L. Colwell, Apex Smelting Co., Cleveland; AFS Technical Director $. C. 
Massari; Nicholas Sheptak, Dow Metal Products Co., Div. Dow Chemical Co., Midland, Mich.; 
R. P. Dunn, Lindberg Engineering Co., Chicago. 


Members of the Brass & Bronze Division Executive and Program & Papers committees met in 
February to discuss the division’s activities at the 64th Castings Congress. The program will 
include two technical sessions, a seminar and round-table luncheon. 


Details for the Malleable tron Division panel discussion of ‘““Malleable Straightening Dies” 
was discussed at the February meeting of the division’s committee on finishing and inspection. 
Attending were: Chairman O. K. Hunsaker, Dayton Malleable Iron Co., Dayton, Ohio; L. E. 
Sutton, John Deere Malleable Iron Works, East Moline, Ill.; R. W. Leppien, Central Foundry 
Div., GMC, Saginaw, Mich.; W. L. Olsen, Jr., Wagner Casting Co., Decatur, Ill.; AFS Technical 
Director $. C. Massari; A. R. Lindgren, Magnaflux Corp., Chicago; Nick Zitto, Auto Specialties 
Mfg. Co., St. Joseph, Mich. 
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Russian to Speak 
at Sand Dinner 


@ Dr. Y. A. Nekhendzi, Head of 
Chair of Foundry Production, 
Leningrad Polytechnic Institute, 
Leningrad, Russia, will be the 
speaker at the Sand Division 
dinner to be held May 10 dur- 
ing the 64th Castings Congress 
& Exposition. The dinner will 
be held in the Crystal Ballroom, 
Benjamin Franklin Hotel. Tick- 
ets are $6. 











Society will Buy 
Old Transactions 


@ High demands by members for 
past copies of AFS Transactions has 
reduced the Society's stock on many 
issues. In order to replenish its in- 
ventory, AFS will pay $5 for each 
used TranactTions in good condi- 
tion except for the following volumes; 
54(1946), 63(1955), 65(1957), 66- 
(1958) and 67(1959). 

Members having copies in good 
condition are asked to communicate 
with the Book Department, American 
Foundrymen’s Society, Golf & Wolf 
Roads, Des Plaines, Ill., for author- 
ity to ship. 


Outline Principles 
of Ferrous Alloys 


@ An outstanding staff of volunteer 
teachers guided foundrymen-stu- 
dents through the three-day Metallur- 
gy of Ferrous Metals course presented 
February 22-24 at the Hamilton Ho- 
tel, Chicago, by the AFS-Training & 
Research Institute. 

Donating their time as instructors 
were Prof. Robert V. Wolf, Missouri 
School of Mines, Rolla, Mo.; Prof. 
R. W. Heine, University of Wiscon- 
sin, Madison, Wis.; C. G. Mickelson, 
American Steel Foundries, East Chi- 
cago, Ind.; W. D. McMillan, Inter- 
national Harvester Co., Chicago; 
S. C. Massari, AFS-T&RI Director and 
R. E. Betterley, AFS-T&RI Training 
Supervisor. 

Included in the course were such 
fundamentals as physical metallurgy 
of metals, iron-carbon alloys, basic 
micro-constituents in ferrous alloys, 
types of heat treatment and _ basic 
characteristics and behaviors of fer- 
rous cast metals. 





chapter ‘news: 


Honor Walter Seelbach for 50-Year Service 


Seven prominent gray iron foundrymen at Cleveland meeting, March 10: (from left) C. H. Ker, 
F. J. Dost, Henry Trenkamp, Seelbach, C. R. Culling, H. L. Good, A. E. Hageboeck. All except 
Dost are past presidents of the Gray Iron Founders Society. 





Four AFS past-presidents at March 10 meeting: Frank Shipley, Caterpillar Tractor Co., E. W. 
Horlebein, Gibson & Kirk Co.; W. Lb. Seelbach, Superior Foundry, Inc., F. J. Dost, Sterling 


Foundry Co. 


@ Over 250 foundrymen gathered 
March 10 at the Northeastern Ohio 
Chapter’s “Walter Seelbach Nite” to 
honor AFS past President Walter L. 
Seelbach, president of Superior Foun- 
dry, Inc., Cleveland, for 50 years of 
devoted foundry service. In a special 
program preceding the regular tech- 
nical session, tribute was paid the 
guest of honor as a “Foundryman of 
Distinction.” 

In describing Seelbach’s long career 
of service to the castings industry, 
Chapter Chairman Al Hinton, Alumi- 
num Co. of America, said: “Few men 
have served the industry so long and 
in so many ways, or have given so 
much of themselves to advance it. . . 
frequently, competently, unselfishly.” 

Two thick portfolios with over 150 
letters of tribute were presented from 
AFS and the Gray Iron Founders So- 
ciety. C. R. Culling, Carondelet Foun- 
dry Co., St. Louis, presented the 
latter. Frank W. Shipley, Caterpillar 
Tractor Co., Peoria, Ill., presented the 
AFS testimonials. Chairman Hinton 
gave Seelbach an engrossed resolution 
signed by the Chapter’s officers and 
directors. AFS General Manager Wm. 
W. Maloney presented a 50-year Serv- 
ice pin and a set of jewelry “from the 
Central Office Staff.” 

The many out-of-town guests in- 
cluded more than 30 past or present 
national officers and directors of AFS 
and the Gray Iron society. In de- 
scribing Walter Seelbach’s services to 
the foundry industry, Chairman Hin- 
ton outlined his career from March 


10, 1910 when he first entered the 
industry as timekeeper for the former 
Walworth Run Foundries. Today Seel- 
bach is president and board chairman 
of Superior Foundry and its Allyne- 
Ryan Foundry division, acquired in 
1959. 

Walter Seelbach’s association acti- 
vities include: president 1926 of Ohio 
Foundrymen’s Association; an organ- 
izer and first president (1928) of 
former Gray Iron Institute; president 
of G.LF.S. 1943-44, director for 13 
years, and recipient of the 1946 cita- 
tion and 1951 gold medal; AFS direc- 
tor 1935-1938, and president 1951-52, 
presiding at the 1952 International 
Foundry Congress in Atlantic City. 

Seelbach has served on numerous 
foundry committees advisory to Gov- 
ernment agencies since 1932, has been 
active in F.E.F. and Cleveland civic 
affairs, and in 1947 was named to 
Cleveland’s “Hall of Fame.” 


AFS past president Frank Shipley presents 
portfolio of testimonial letters to Walter Seel- 
bach at Cleveland meeting. 


Chicago Chapter’s Education Committee which 
arranged the series on Supervision—Key to 
Foundry Progress, given in March. Left to 


“right Jim Downs, American Steel Foundries, 


Marshall Welis, Wells Mfg. Co. and chairman 
John Harwood, Standard Foundry Co., Racine, 
Wis. 


Patternmakers at the February meeting of the 
Chicago Chapter heard Wayne Wright, Wood- 
ruff & Edwards Co., shown on left, discuss 
shell equipment. On right is technical chairman 
Bob Swanson, Arrow Pattern Foundry Co. 


Althougr it meant driving 70 miles each 
way, Frank Waltz and Timothy Leary, Penn- 
sylvania Malleable Iron Corp., Lancaster, Pa., 
attended the Philadelphia Chapter meeting in 
January on work simplification. 

—Leo Houser & E. C. Klank 


Northwestern Pennsylvania Chapter 
Schedules Castings Symposium 


@ Two symposiums on casting de- 
fects will be held April 11, 12 with a 
panel of five members conducting the 
discussion. The program is sponsored 
by the Education Committee headed 
by W. J. Willmot, Urick Foundry Co., 
Erie, Pa. 
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New foundry core processes were explained 
to the Central New York Chapter in January 
by R. J. Mulligan, Archer-Daniels-Midland Co. 
Processes covered included new applications 
of the COe process, air-setting binders and 
techniques, self-curing systems and new resins 
for shell core techniques. Also mentioned was 
the possible use of flue gas as a replace- 
ment for the COs process. —Lewis Balduzzi 


Casting of aluminum alloys in permanent 
molds was discussed at the January meeting 
of the Northern California Chapter by How- 
ard Heath, Aluminum Co. of America. Shown 
are speaker Heath, Chapter Vice-President 
Hugh Prior, Superior Electrocast Foundry; 
Chapter President Donald C. Caudron, Pacific 
Brass Foundry of San Francisco and assistant 
program chairman M. E. Ginty, Vulcan Found- 
ry Co. —R. J. Ritelli 


John Dusthimer, Keener Sand & Clay Co., 
Columbus, Ohio, and chairman of dance 
committee of the Central Ohio annual winter 
party, presents door prize to Mrs. Tom 
Cusack. Other door prize winners were Mrs. 
J. W. Kent, Mrs. Virginia Moone, Mrs. Ty 
Helen and Mrs. Nard Stapf. —Joe Riley 


Final check prior to the start of the technical 
sessions of the Chicago Chapter February 
meeting are being made by technical chairman 
Chuck Fausel, Chicago Foundry Co.; Chapter 
Chairman John Mulholland, Pettibone-Mulliken 
Corp., and speaker Fred Kasch, Gray Iron 
Research Institute, who spoke on “Various 
Analyses Irons from a Single Cupola Heat.” 


Use of the carbon arc process in cleaning 
castings was explained to members of the 
Chicago Chapter in February by Elmer Lem- 
cule, Arcair Co. 


Saginaw Valley 
Refractories Panel Discussion 


@ Refractory practice in Saginaw Val- 
ley area foundries was discussed at the 
January meeting. Topics included: 

® Cupolas—Melting zones, upper 
sections, slag holes, bottoms, breasts 
and front-slagging set ups. 

® Hot metal receivers or forehearths 
—Spouts, bottoms, sidewalls and tops. 

® Electric furnaces—Roofs, sidewalls 
and bottoms. 

® Ladles. 

Panelists were Thomas Pavlovich, 
Buick Motor Div., GMC, Flint,Mich.; 
Romaine Boughner, Chevrolet-Sagi- 
naw Grey Iron Foundry, Saginaw, 
Mich.; Larry Zinsmeister, Eaton 
Foundry Div., Vassar, Mich.; Leon 
Cline, Saginaw Foundries Co., Sagi- 
naw, Mich.; Francis Howard, Saginaw 
Malleable Iron Plant, Central Foundry 
Div., GMC, Saginaw, Mich.; William 
Barker, Vally Steel Castings, Bay 
City, Mich. —John R. Fraker 


Participants in Saginaw Valley’s panel discus- 
sion on refractory practices shown with Chap- 
ter Officers at head table. 


New England Vice-President P. C. Smith, 
General Electric Co., Everett, Mass., and E. 
M. Hanaver, Genera! Electric Co., New York, 
who addressed chapter on fire prevention. 

—F. S. Holway 


An outstanding job on chapter membership 
has been done by the Tri-State Chapter. 
Shown are Kenneth Stuerman, Walsh Refrac- 
tories; Kenneth Kimball, Kimball Chemical Co.; 
Membership Chairman Carl Townsend, Okla- 
homa Steel Castings Co. Div., American Steel 
& Pump Corp. 


Washington Chapter 
Quality with Vacuum Melting 


@ Improvements in properties of vari- 
ous steels with ingots produced by 
vacuum induction melting, especially 
consumable electrode melting, were 
described at the February meeting by 
William J. Baldwin, Allegheny Lud- 
lum Steel Corp. 

While there is not always great im- 
provement in tensile and yield, there 
is usually a considerable improvement 
in reduction of area, elongation, im- 
pact properties and fatigue resistance 
with vacuum melted steel. Data was 
presented to show superior properties 
with the consumable electrode meth- 
od, especially where segregation, im- 
purities and gas content are a 
problem. The process is ideal for the 
production of steel containing 3 per 
cent titanium with considerable alum- 
inum, as the titanium would segregate 
in air-poured steel. The transverse 
and longitudinal strengths are the 
same in shapes rolled from the con- 
sumable produced ingots. 

—Hubert L. Rushfeldt 





@ Pouring of castings in downtown 
Milwaukee was the Wisconsin Chap- 
ter’s bid for local publicity on the 
Wisconsin Regional Foundry Confer- 
ence and the Chapter’s 25th anniver- 
sary. Despite the winter's worst storm, 
molten aluminum was trucked in from 
Lawran Foundry Co. and castings 
poured as scheduled. P. S.—These 


pictures appeared in the local press. 


Chairman Lb. J. Andres and Vice-Chairman B. 
H. Booth examine casting with C. G. Crabb, 
Milwaukee Chamber of Commerce. Below— 
Foundry Sidewalk Superintendents, Wisconsin 
Div., approve proceedings. 


Central Illinois Chapter 
Process of Solidification 


@ The process of solidification as it 
relates to gating and feeding was 
explained at the February meeting 
by B. C. Yearley, National Malleable 

& Steel Castings Co., Cleveland. 
Among points covered by Yearley 
were: Steel and white iron are skin 
forming metals . . . Steel shrinks 3 per 
cent—white iron 4-1/2 per cent... 
A shrink indicates the last place in 
the casting to freeze . . . Fillet radii 
should be equal to section thickness 
. . . Design which gives least trouble 
in shrinkage has been proved to be 
best designed to withstand failure 
due to fatigue and stresses . . . As 
a rule, chills should be the same 
thickness as the casting section to be 
chilled Feeders near the edge 
of the flasks will be less efficient since 
they will cool fast . . . There is no 
excuse for a defective casting from 
shrinkage if it is designed properly. 
—C. H. Bavis 


and They Said It Couldn’t 
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Cincinnati Chapter 
Producing Good Ductile Iron 


@ An illustrated lecture on the pro- 
duction of ductile iron was presented 
at the February meeting by C. K. 
Donoho, American Cast Iron Pipe 
Co., Birmingham, Ala. 

The speaker 
first traced the 
early history and 
then _ illustrated 
the metallograph- 
ic structures and 
physical proper- 
ties obtained by 
various treat- 
ments. Also dis- 
cussed were pro- 
perties and the 
factors affecting quality, such as base 
composition, chemistry, optimum 
magnesium content and temperatures. 
Typical applications and current tech- 
niques for making ductile iron castings 
were explained. 


ot 


C. K. Donoho 


—Stanley F. Levy 


Tri-State Chapter 
Non-Ferrous Foundry Practice 
® Principles of gating, risering and 
melting practices were explained by 
Ray Cochran, R. Lavin & Sons, Inc., 
at the February meeting attended by 
50 chapter members. AFS National 
Director Jake Dee, Dee Brass Found- 
ry, Inc., Houston, Texas, explained 
the operations of the AFS-Training 
& Research Institute program. 
—Frank M. Scaggs 


Western Michigan Chapter 
Three Speakers in February 
@ Sessions on refractories, coke and 
patterns were conducted at the Feb- 
ruary meeting. “Coke from Oven to 
Foundry” was explained by John G. 
Howard, Demet-Solvay Div., Allied 
Chemical Corp. “Planned Pattern Pro- 
gram for Quality Castings” was pre- 
sented by R. L. Olson, Dike-O-Seal, 
Inc., Chicago and “Super Refractories” 
were discussed by R. M. Keefe, H. 
K. Porter, Refractories Div. 

—John R. McNamara 


New England Chapter 

Hears Fire Prevention Talk 

@ If a fire strikes in your plant you 
probably will have not only a ruined 
building but also a fortune in ruined 
machines and equipment. The finest 
fire department can do nothing to 
save what has already been burned 
or spoiled before their arrival. If the 
fire has gained considerable head- 
way, it is doubtful they can make a 
fast stop. 

Your very best fire insurance is to 
stop a fire before it starts, and the 
next best thing is to have employees 
trained to hold back a fire until the 
fire department arrives. 

These were comments of Ernest M. 
Hanauer, General Electric Co., New 
York, who spoke to the New England 
Chapter in February. Hanauer illus- 
trated several of his points with dem- 
onstrations. —F. S. Holway 


British Columbia Chapter 
Aluminum in Permanent Molds 


co Melting practice, mold operating 
techniques, progressive solidification 
and other key factors were stressed 
by Howard Heath, Aluminum Co. of 
America, at the January meeting. 
Chapter Chairman Norman D. Am- 
undsen, Terminal City Iron Works 
presided with Vice-Chairman Henry 
Bromley, Letson & Burpee, Ltd., serv- 
ing as technical chairman. 


—J. B. Hopkinson 





Wentworth Institute students 
in January heard William 
G. Parker, General Electric 
Co., Elmira, N. Y., explain 
the relation between cast- 
ing defects and sand prop- 
erties. Shown are foundry 
instructor F. J. Boylan; in- 
dustrial advisor H. H. Klein; 
speaker Parker; and Went- 
worth Dean, Carl A. Swan- 
son. In an illustrated lecture, 
Parker stressed that a study 
of sand behavior in molds 
will lead to improved cast- 
ings. —M., Faine 


Central New York’s January 
meeting was devoted to a 
discussion of new foundry 
core processes by R. J. 
Mulligan, Archer-Daniels- 
Midland Co. Despite inclem- 
ent weather, 75 members at- 
tended the meeting held at 
Drumlin country club, Syr- 
acuse, N.Y. Chapter Chair- 
man Bruce Artz, Pangborn 
Corp., presided. 

—Lewis Balduzzi 


Among those present at the 
January meeting of the 
Western New York Chap- 
ter were Nick Kowal, Pratt 
& Letchworth Co.; Secretary 
Ron Turner, Queen City 
Sand & Supply Co.; Jerry 
Goetz, Sterling National In- 
dustries, Inc.; Walter Napp, 
Milwaukee Chaplet Co.; 
Buck Santomieri, Worthing- 
ton Corp.; and Chapter 
Chairman E. J. O’Connell, 
American Radiator & Stan- 
dard Sanitary Corp. 

—Don Krueder 


Metal solidification was dis- 
cussed at the Philadelphia 
Chapter’s February round- 
table discussion. Left to 
right: iron—C. W. Mooney, 
Jr., Olney Foundry Div., 
Link-Belt Co.; Chapter Chair- 
man E. A. Zeeb, Dodge Steel 
Co.; brass—D. E. Best, Beth- 
lehem Steel Co.; steel—S. 
Donner, Deemer Stee! Cast- 
ings Co. —Leo Houser, 

E. C. Klank 


Rochester Chapter 


Report on Russian Visit 


@ A report of metallurgical interest 
as well as overall impressions of a 
1959 trip through Russia was given 
at the February meeting by Dr. 
Thomas B. King, associate professor 
of metallurgy, Massachusetts Institute 
of Technology. 

Dr. King’s trip included visits to 
Moscow, Leningrad, Zagorsk and Tul- 
sa. The talk was supplemented by col- 
ored slides. —Haerle Wesgate 


Canton Chapter 


Sand and Mold Quality Control 


@ Mold hardness is of the utmost 
importance in determining the qual- 
ity and dimensional accuracy of cast- 
ings. E. H. King, Hill & Griffith Co., 
Cincinnati, told Canton foundrymen 
at their February meeting. 

King emphasized the importance 
of daily control over various proper- 
ties of sand mixes. He also explained 
with a chart how to determine ef- 
fective clay content of a sand mix 
through green shear and green com- 
pressive strength testing. 

—Charles Stroup 


Birmingham Chapter Chairman J. R. Cardwell, 
Stockham Valves & Fittings, Inc., Birmingham, 
Ala., accepts bell cast by members of the 
University of Alabama Student Chapter. 
Making the presentation is Student Chapter 
Chairman T. T. Bales. The bell was presented 
to the Birmingham Chapter in appreciation 
for its assistance to the students. 


Past Chairmen of the Eastern Canada Chapter: P. Von Colditz, 1957-58; C. Bourassa, 1954-55; 
J. Newman, 1949-50; A. Cartwright, 1947-48; E. Tait, 1945-46; R. W. Bartram, 1942-43; A. J. 
Moore, 1952-53; H. Lovette, 1946-47; L. Guillemette, 1950-51; W. C. H. Dunn, 1955-56; 
M. McQuiggan, 1956-57; Max Reading 1958-59. —J. W. Cherrett 


Clyde Sanders, right, speaker at the January 
meeting of the Western New York Chapter, 
emphasizes point to Al Petz, Symington Gould 
Div., Symington-Wayne Corp. 

—Don Kreuder 
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Foundry mechanization was explained at the February meeting of the Eastern Canada Chapter 
by J. Bertrand, Lester B. Knight & Associates, Chicago. Shown at head table are E. Landry, 
B. Laurin, speaker Bertrand, Chapter Chairman A. H. Lewis, J. Dick, A. Durrell, L. Myrand and 
G. Tracy. —J. W. Cherrett 


Simultaneous sessions were 
conducted at the February 
meeting of the Michiana 
Chapter. K. E. Blessing, left, 
Wheelabrator Corp., spoke 
on air pollution control with 
the cupola and the electric 
furnace. N. R. Sailor, North- 
ern Indiana Brass Co., right, 
spoke on ways and means 
of reducing cost and con- 
trolling quality in the brass 
foundry. In center is Chap- 
ter Chairman Robert Hull. 
—A. J. Stanczyk 


Winners of the Oregon 
Chapter apprentice contest: 
Lee Vachter, Pacific Steel 
Foundry Co., steel molding; 
Norbert Aicher, Willamette 
Pattern Works, wood pat- 
ternmaking; Raymond Soud- 
ers, Northwest Foundry Co., 
iron molding; Donald Neal- 
eigh, Oregon Brass Works, 
non-ferrous molding. Ap- 
prentice winners received 
savings bonds from the 
chapter. 


Attending the February 
meeting of the Western New 
York Chapter were S. San- 
tomieri, Worthington Corp.; 
Sam Steel, Ingersoll-Rand 
Co.; Al Petz, Symington 
Gould Div., Symington- 
Wayne Corp.; Jack Benedict, 
Queen City Sand & Supply 
Co.; Marty Kerkowitz, Sym- 
ington Gould Div., Syming- 
ton-Wayne Corp. 


Attending the Southeastern 
Regional Foundry Confer- 
ence held in February in 
Birmingham, Ala., were: Di- 
rector Nominee Warren C. 
Jeffrey, McWane Cast Iron 
Pipe Co., Birmingham, Ala.; 
National Director N. N. 
Amrhein, Federal Malleable 
Co., West Allis, Wis.; Na- 
tional Director Clyde A. 
Sanders, American Colloid 
Co., Skokie, Ill.; National 
Director and former AFS 
President L. H. Durdin, Dixie 
Bronze Co., Birmingham. 


Oregon Chapter 
Honor Apprentice Winners 


@ Savings bonds were awarded at the 
February meeting to the four first 
place winners in the chapter's appren- 
tice contest. Sixteen entries were re- 
ceived in four categories; iron mold- 
ing, steel molding, non-ferrous molding 
and wood patternmakers. 

Winners were: Lee Vachter, Pacific 
Steel Foundry Co.; Norbert Aicher, 
Williamette Pattern Works; Raymond 
Souders, Northwest Foundry Co. and 
Donald Nealeigh, Oregon Brass 
Works. 

Bill Walkins, 
editor, The Esco 
Ladle, Electric 
Steel Foundry 
Co., spoke on em- 
ployee relations. 
Said Walkins, “In 
this day of auto- 
mation and _ big- 
ness, it can be- 
come very easy to 
forget our most 
important asset—our people. Mainte- 
nance of good employee relations can 
be even more important than mainte- 
nance of the machines. Industry has 
an obligation to further high ethics 
and good principles; but even if this 
were not so, we have to treat people 
like people if we are to expect the 
most return from them.” 

-Norman E. Hall 


W. G. Walkins 


Eastern Canada Chapter 


Installing Foundry 
Mechanization 


@ A foundry mechanization program 
will more than pay for its way, J. H. 
Bertram, Lester B. Knight & Associ- 
ates, Chicago, informed chapter mem- 
bers at the February meeting. He 
emphasized that existing foundry fa- 
cilitities should first be examined be- 
fore mechanization is adopted with a 
study of such items as sand distribu- 
tion, melting times, schedule system, 
flask size and man hours saved. Slides 
were shown on different mechaniza- 
tion installations. 

The February meeting also honored 
past chairmen with each receiving a 
certificate of merit from Chapter 
Chairman Alf Lewis, Crestweld Mfg. 
Ltd. National Director A. J. Moore, 
Canadian Bronze, Ltd., summarized 
activities at the Central Office in Des 
Plaines, Ill. 

A past chairmen group was formed 
with R. W. Bartram named as honor- 
ary chairman, H. Tate as chairman, 
M. Reading as secretary and J. New- 
man as head of the entertainment 
committee. —J. W. Cherrett 
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Attending Ontario Chapter meeting in Jan- 
vary are: Chapter Director and _ publicity 
chairman Vincent H. Furlong, Foundry Serv- 
ices (Canada) Ltd.; AFS National Director 
A. J. Moore, Canadian Bronze, Ltd., Mon- 
treal; Chapter Chairman Theodore Tafel Ill, 
American Standard Products (Canada) Ltd.; 
M. E. Hollingshead, Archer-Daniels-Midland 
Co., Ltd. —M. E. Hollingshead 


Attending January meeting of Western New 
York Chapter 
Deutschlander and Frank Majeski. 


E. H. King, February speaker at the Canton 
Chapter, shown with technical chairman F. A. 
Dun, Babcock & Wilcox Co. 


“& I 
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Solidification as it relates to gating and feed- 
ing was described to the Central Illinois 
Chapter in February by B. C. Yearley, Nation- 
al Malleable & Steel Castings Co., Cleveland. 
Shown are Technical Chairman L. R. Jenkins, 
Wagner Castings Co.; speaker Yearley and 
former AFS President Frank Shipley, Cater- 
pillar Tractor Co. —C. H. Bavis 
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are C. Skrzechzkowski, E. 


Ed. Klank, Philadelphia Chapter Reporter, 
Philadelphia Coke Co., greets Robert Jones, 
Posey Iron Works, Lancaster, Pa., who traveled 
more than 70 miles to attend the chapter's 
round-table discussion in February. 

—Leo Houser 


Donald Nealeigh, Oregon Brass Works, ac- 
cepts savings bond as first prize in the non- 
ferrous molding competition of the Oregon 
Chapter apprentice contest. Presenting bond 
is Ralph Brossart, Columbia Steel Castings 
Co., judging chairman. 


— 


Chicago Chapter’s Annual Ladies Night held 
during February drew a large crowd including 
Mr. and Mrs. Art Vandinberg and Mr. and 
Mrs. Charles Roe. 


Attending the Chicago Chapter Ladies Night 
in February were Mr. and Mrs. Leo Dennie. 
—George DiSylvestro 


N 


Anton Dorfmueller, speaker at the February 
meeting of the Western New York Chapter, 
threatens to cut-off tie of Leonard Romano, 
technical chairman. —Don Kreuder 


Northeastern Ohio Chapter 
Meets with Die Casting Engineers 


@ Chapter members and members of 
the Cleveland Chapter, Society of Die 
Casting Engineers held a joint meet- 
ing in January. 

Walter Bonsack, Aluminum & Mag- 
nesium, Inc., Sandusky, Ohio, dis- 
cussed Metallurgical Factors in the 
Preparation of Aluminum Alloys for 
Permanent Molds & Die Casting. He 
pointed out that sand casting is pri- 
marily a batch methods whereas per- 
manent mold and die casting are 
essentially continuous operations. Oth- 
erwise, melting is basically the same. 
The difference is important, however, 
in that the metal mold processes re- 
quire a continuous supply of metal at 
constant quality and temperature. 

Gene Passman, Frederic B. Stevens, 
Inc., Detroit, addressed the ferrous 
session on Use and Abuse of Core and 
Mold Washes. Core and mold washes 
are essentially the same—consisting of 
a mineral base, western bentonite and 
oil or resin binders, in a water or 
solvent vehicle. Often they contain 
wetting agents or other additives for 
antifoaming, flattening, pH control, or 
for other desired characteristics. 

Washes fall into two basic cate- 
gories, those with a carbon base and 
those with some other mineral base. 
Many are combinations of these. 
Washes are used to obtain smooth 
casting finishes, clean peel of sand, 
and to prevent metal penetration. 
Washes for shell molds and cores re- 
quire a wetting agent to obtain pene- 
tration and even coating. Those used 
on sodium-silicate sand mixes must 
have a solvent vehicle; water can not 
be used. Most casting defects attribut- 
able to washes result from a wash that 
is too thin, too thick, or does not get 
proper anchoring to the sand surface. 

Washes should not be used unless 
they are necessary. They are not a 
panacea and are not to be used in 
place of good sand practice. 

—Robert H. Herrmann and 
Jack C. Miske 





Central New York Chapter 

Malleable Iron Production 

@ Melting and melting equipment 
used in straight air furnace produc- 
tion of malleable iron was discussed 
at the February meeting by Russell 
Sawyer, Fraser & Jones Co., Syracuse, 
N. Y. 

The illustrated 
talk stressed the 
operating prob- 
lems as well as 
equipment in- 
volved. Photo- 
micrographs were 
also shown of the 
internal structure 
of both standard 
and pearlitic 
malleable irons. 
Seventy - five 
members attended the meeting with 
Chairman Bruce Artz, Pangborn 
Corp., Syracuse, N. Y. presiding. 

—Lewis Balduzzi 


R. Sawyer 


Detroit Chapter 
Challenge to Gray Iron 


@ A challenge to gray iron foundry- 
men to take advantage of new devel- 
opments and 
utilize present fa- 
cilities and proc- 
esses to their full- 
est extent to meet 
the inroads of 
aluminum and the 
processes by 
which it was 
made by Clyde 
A. Sanders, 
American Colloid 
Co., Skokie, Ill., at the February 
meeting. Sanders stated that gray iron 
can compete with aluminum on a cost 
basis if full advantage is taken of pro- 
ducing high quality castings and if the 
two materials are compared on an 
equal basis. —J. R. Young 


C. A. Sanders 


Mexico Chapter 
Holds Election of Officers 


@ Jose Ramon Albarran y Pliego, 
Fundidora de Aceros Topeyac, S.A. 
Santa Clara, Estado de Mexico, has 
been elected Chairman of the Mexico 
Chapter. Other officers are: 

Vice-Chairman, Juan Latapi Sarre, 
Fundiciones de Hierro y Acero, S.A., 
Mexico, D.F., Mexico. 

Secretary, Vincente Nacher Todo, 
La Consolidada, $.A., Mexico, D.F., 
Mexico. 

Treasurer, Jose Amador Perez Casas, 
La Consolidada, S.A., Mexico, D.F., 
Mexico. 

Directors, (Terms Expire 1963)— 
Enrique Leon Andrade, Teziutlan 


Copper Co., S.A., Mexico, D.F., Mex- 
ico. Manuel Goicoechea, Hierro Mall. 
de Mexico, S.A., Mexico, D.F., Mex- 
ico; Fernando Gonzalez Vargas, Te- 
ziutlan Copper Co., S.A., Mexico, 
D.F., Mexico. 


Eastern New York Chapter 
Magnesium and Cast Iron 


@ The effect of magnesium and other 
alloying elements on the structure of 
ductile iron was explained at the 
February meeting by W. H. Northrup, 
International Nickel Co. Northrup 
emphasized the strength of ductile 
iron castings, a factor he said was not 
well recognized. Slides were shown 
on conversions to ductile iron from 
forgings and weldments. 

—Leonard C. Johnson 


Western New York Chapter 
What's New in the Coreroom? 


@® An explanation of the air-setting 
process was explained at the Feb- 
ruary meeting by Anton Dorfmueller, 
Archer-Daniels-Midland Co. The bond 
is a resin type, requiring no heat to 
cure . . . The molds or cores set ready 
to pour . . . Collapsibility is said to 
be very good with casting finish 
classed as good. —Don Kreuder 
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Birmingham District April 8 
Thomas Jefferson Hotel, Birmingham, 
Ala. . . T. W. Seaton, American Silica 
Sand Co., “Dry Sand Segregation.” 


British Columbia . . April 22 . . Leon’s, 
Vancouver, B.C. . . J. W. Smith, Oregon 
Metallurgical Corp., “Vacuum Casting of 
Reactive Metals.” . . April 30 . . Birch 
Bay . . Golf Outing. 


Canton District . . April 7 . . Roumanian 
Hall, Alliance, Ohio . . C. Winninger, 
Beardsley & Piper Div., Pettibone Mul- 
liken Co., “Sand Reclamation.” Recogni- 
tion Night. 


Central Illinois . . April 4 . . Vonachen’s 
Junction, Peoria, Ill. . . G. DiSylvestro, 
American Colloid Co., “Veining & Pen- 
etration.” 


Central Indiana . . April 4 . . Athen- 


aeum, Indianapolis . . F. $. Catlin, Mag- 
naflux Corp., “Good Fundamental Cast- 
ing Design.” 


Central Michigan . . April 20 . . Hart 
Hotel, Battle Creek, Mich ... C. A. 
Sanders, American Colloid Co., “Com- 
ments on Various Molding Methods.” 


April 11 . . Shawnee 
. K. M. Smith, 
“Preventive 


Central Ohio . . 
Hotel, Springfield, Ohio . 
Caterpillar Tractor Co., 
Maintenance.” 


Chesapeake . . April 29 . . Engineers’ 
Club, Baltimore Md. . . W. R. Jaeschke, 
Whiting Corp., “Cupola Practice.” 


Chicago . . April 4 . . Chicago Bar As- 
sociation, Chicago Pattern Group: 
P. Ropp, Cincinnati Milling & Grinding 
Machine Co., “Duplicating Equipment”; 
Maintenance Group: R. Leon, Kensington 
Steel Co., “A Workable P/M Program’; 
Steel Group: “Bull Session”; Iron Group: 
N. O. Kates, Lindberg Steel Treating Co., 
“Heat treatment of Gray Iron & Ductile 
Iron.” 


Cincinnati District . . April 11 . . Alms 
Hotel, Cincinnati . . J. B. Caine, Con- 
sultant, “Casting Design.” Recognition 
Night. 


Connecticut . . April 26 . . Waverly Inn, 
Cheshire, Conn. 


Corn Belt April 15 Marchio’s 
Steak House, Omaha, Neb. . . W. R. 
Jaeschke, Whiting Corp., “New Cupola 
Design & Operations.” 


Detroit . . April 7 . . Wolverine Hotel, 
Detroit R. Sutter, Sutter Products, 
Inc., “Past Experience & Future Develop- 
ments of Shell Molding.” 


Eastern Canada. . April 8 . . Mt. Royal 
Hotel, Montreal, Que. . . C. A. Sanders, 
American Colloid Co., “What European 
Foundries Are Doing.” 


Eastern New York . . April 19 . . Pan- 
etta’s, Menands, N. Y. 


Metropolitan April 4 Military 
Park Hotel, Newark, N. J. . . V. Rowell, 
Federated Foundry Supply Div., Archer- 
Daniels-Midland Co., “Sand.” 


Mexico . . April 25 . . Chapultepec 412, 
Mexico City, Mexico . . R. O. Calderon, 
Metalurgica Ortega, “Ingot Mold Manu- 
facture.” 


Michiana . . April 12 . . Rumely Hotel, 
LaPorte, Ind. . . S. Hodler, Gartland 
Foundry, “CO2 Cores & Molds.” 


Mid-South . . April 8 . . Hotel Claridge, 
Memphis, Tenn. . . A. J. Ball, Hewitt- 
Robins, Inc., “Vibrating Conveyors—Their 
Application & Cost.” 


Continued on page 130 
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Mo-Kan . . April 14 . . Fairfax Airport, 
Kansas City, Kans. . . W. R. Jaeschke, 
Whiting Corp., “New Cupola Design & 
Operation.” 


New England . . April 13 . . University 
Club, Boston. 


Northeastern Ohio . . April 14 . . Tudor 
Arms Hotel, Cleveland . . Panel: J. A. 
Terpenning, Archer-Daniels-Midland Co.; 
A. G. Hill, Durez Plastics Div., Hooker 
Chemical Co.; C. J. Jelinek, Cleveland 
Foundry, Ford Motor Co.; J. Parker, 
Spo, Inc. and M. Wolf, Standard Brass 
Foundry Co., “Shell Cores & Molds.” 


Northern California . . April 11 . . Spen- 
gers Cafe, Berkeley, Calif. . . J. W. 
Smith, Oregon Metallurgical Corp., “Vac- 
uum Casting of Reactive Metals.” 


Northern Illinois & Southern Wisconsin 
.. April 12 . . Beloit Country Club, Be- 
loit, Wis. 


Northwestern Pennsylvania . . April 25 
. . Amity Inn, Erie, Pa. . . C. A. San- 
ders, American Colloid Co., “A Look 
Toward Future Foundries.” 


Ontario . . April 22 . . Seaway Hotel, 
Toronto, Ont. . . Ladies’ Night. 


Oregon . . April 20 . . Heathman Hotel, 
Portland, Ore. 


Philadelphia . . April 8 . . Engineers’ 
Club, Philadelphia . . A. Dorfmueller, 
Jr., Archer-Daniels-Midland Co., “Which 
Core Process.” 


Piedmont . . April 29 . . Governor Tyler 
Hotel, Radford, Va. . . P. H. Stuff, Ross- 
Meehan Foundries, “Castings Vs. Weld- 
ments.” 


Pittsburgh . . April 18 . . Webster Hall 
Hotel, Pittsburgh, Pa. . . E. E. Wood- 
liff, Foundry Sand Service Eng. Co., 
“Every Foundry Can Have Improved 


Sands.” 


Quad City . . April 18 . . LeClaire Ho- 
tel, Moline, Ill. . . J. S. Schumacher, 
Hill & Griffith Co., “Foundry Sands & 
Good Castings.” 


Rochester . . April 5 . . Manger Hotel, 
Rochester, N. Y. 


Fischer’s 
Educa- 


Saginaw Valley . . April 7. . 
Hotel, Frankenmuth, Mich. . . 
tion Night. 


St. Louis District . . April 14 . . Edmond’s 
Restaurant, St. Louis. 


Southern California . . April 8 . . Rodger 
Young Auditorium, Los Angeles. 


Tennessee . . April 29 . . Wimberly Inn, 
Chattanooga, Tenn. 
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Texas . . April 18 . . Angelina Hotel, 
Lufkin, Texas . . J. B. Caine, Consultant, 
“Casting Design.” 


Texas, San Antonio Section . . April 18 


. . San Antonio Machine & Supply Co., 
San Antonio, Texas . . “Safety.” 


Timberline . . April 13 . . Denver, Colo. 
. . W. R. Jaeschke, Whiting Corp., “New 
Cupola Design & Operation.” 


Toledo .. April 6 . . Heatherdowns 
Country Club, Toledo, Ohio. 


Tri-State . . April 8 . . Haliday Motel, 
Oklahoma City, Okla. . . “Iron.” 


Twin City . . April 12 . . Jax Restaurant, 
Minneapolis . . T. J. Trezek, Central 
Foundry Div. GMC, “Preventive Mainte- 
nance.” 


Utah . . April 12 . . Salt Lake City . . 
W. R. Jaeschke, Whiting Corp., “New 
Cupola Design & Operation.” 


. April 21 . . Engineers’ 
. J. W. Smith, Oregon 
“Vacuum Casting 


Washington . 
Club, Seattle . 
Metallurgical Corp., 
of Reactive Metals.” 


Western Michigan . . April 4 . . Bill 
Stern’s, Muskegon, Mich. . Plant Visit 
at Brunswick Automatic Pin-Setting Divi- 
sion. 


Western New York . . April 23 . . Trap 
& Field Club, Buffalo, N. Y. . . Ladies’ 
Night—Annual Spring Dinner Dance. 


Wisconsin . . April 8 . . Schroeder Hotel, 
Milwaukee. Gray Iron Group: Z. 
Madacey, Beardsley & Piper Div., Petti- 
bone Mulliken Corp., “New Processes & 
Equipment for the Core Room”; Steel 
Group: “Cast Weld Fabrication”; Mall- 
eable Group: G. DiSylvestro, American 
Colloid Co., “COz Cores for Malleable”; 
Non-Ferrous Group: C. R. Polanski, Con- 
sultant, “Molding Sands”; Pattern Group: 
J. B. Ferguson, Allis-Chalmers Mfg. Co., 
“New Coatings & Constructions for Pat- 
terns.” 


MAY 


Birmingham District - May 20 
Thomas Jefferson Hotel, Birmingham, 
Ala. . . Panel on Modern Molding & 
Core Methods. 


Central Illinois . . May 2 . . Vonachen’s 
Junction, Peoria, Ill. . . C. E. Westover, 
Westover Corp., ““Mechanization for 
Small Foundries.” 


Central Indiana . . May 2 . . Athenaeum 
Indianapolis . . Past Chairmen’s Night. 
Central Ohio . . May 1 . . Shawnee 
Hotel, Springfield, Ohio . . Round Table 
Discussion—Gray Iron: J. E. Haller, 
James B. Clow & Sons; Malleable: R. F. 
Reetz, Dayton Malleable Iron Co.; Steel: 
G. B. Greenwood, Buckeye Steel Castings 
Co.; Non-Ferrous: P. Ritzer, Franklin 
Brass Foundry. 


. May 2... Chicago Bar As- 
. J. R. Irish, Texas 
“Short Cuts—Texas 


Chicago . 
sociation, Chicago . 
Foundries, Inc., 
Way.” 


Corn Belt . . May 20 . . Beatrice Country 
Club, Beatrice, Neb. Annual Stag 
Party. 


Eastern Canada . . May 13 . . Mt. Royal 
Hotel, Montreal, Que. . . Presentation of 
Winning Entries, Paper Writing Compe- 
tition. 


Mexico . . May 23 . . Chapultepec 412, 
Mexico City, Mexico . . F. G. Vargas, 
University of Mexico and Instituto Poli- 
tecnico, “Possible Application of Metal- 
lurgical Blast Furnace & Oxygen Conver- 
ter for Production of Castings in Mexico.” 


Mid-South . . May 13 . . Hotel Clar- 
idge, Memphis, Tenn. . . L. S. Wilcox- 
son, International Nickel Co., “Gray Iron 
Metallurgy.” 


Mo-Kan . . May 19 . . Fairfax Airport, 
Kansas City, Kans. 


Northeastern Ohio . . May 19 . . Tudor 
Arms Hotel, Cleveland . . Recognition 
Night—Apprentices, Old Timers, AFS Na- 
tional Officers and Past Chairmen. 
Northern California . . May 16 . . Plant 
Visitation. 


Ontario . . May 27 . . Royal Connaught 
Hotel, Hamilton, Ont. . . C. A. Sanders, 
American Colloid Co., “Comparison of 
Molding Methods.” 


Quad City . . May 16 . . LeClair Hotel, 
Moline, Ill. . . C. A. Koerner, Central 
Foundry Div., GMC, “New Foundry 
Testing Methods.” 


Saginaw Valley . . May 5. . Fischer's 
Hotel, Frankenmuth, Mich. . . O. L. 
Crissey, General Motors Institute, “Ef- 
fective Human Relations in the Foundry.” 


Texas, San Antonio Section .. May 23. . 
Alamo Iron Works, San Antonio, Texas 
. . Election of Officers. 


Twin City . . May 10. . Jax Restaurant, 
Minneapolis . . D. E. Balzano, Ben Sa- 
doff Iron & Metal Co., “Scrap Is a Raw 
Material.” 


Washington . . May 19 - Tacoma 
Wash. Plant Visitation, American 
Smelting & Refining Co. 


- May 2. . Bill 
. “Foundry 


Western Michigan . 
Stern’s, Muskegon, Mich. . 
Flexibility.” 


Western New York . . May 5. . Shera- 
ton Hotel, Buffalo, N. Y. Annual 
Smorgasbord Meeting. 


Wisconsin . . May 6 . . Schroeder Ho- 
tel, Milwaukee . . C. A. Sanders, Amer- 
ican Colloid Co., “There’s a Little Dutch 
in the Sand.” 





The new 2-Mev X-ray generator and Kodak Industrial X-ray Film, Type AA, will help ACCO step up productivity by 9 times. 


New 2-million-volt X-ray generator and Kodak Industrial 
X-ray Film give ACCO Steel Casting and R-P&C 

Valve Divisions of American Chain & Cable Company 
new inspection speed with fine radiographic quality. 


Down goes inspection time— 
Up goes productivity 


- STRY TODAY is calling for 


more and more valves for 


higher pressures. These must be 


high-quality steel castings, and 
sound throughout. 

To be sure of this quality, 
American Chain & Cable Com- 
pany makes full use of radiog- 
raphy. And .now with a 2-Mev 
generator and _ radioactive 
sources, together with Kodak 
Industrial X-ray Film, Type 


AA, inspection time has been 
greatly reduced and higher 
productivity facilitated. 
Foundrymen everywhere—in 
large plants and small—find 
radiography a big factor in 
pleasing customers and building 
business. If you would like to 
know how it can help you, get 
in touch with an X-ray dealer 
or write us for a Kodak Tech- 
nical Representative to call. 


EASTMAN KODAK COMPANY 


X-ray Division 


Rochester 4, N. Y. 
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Read what Kodak 
Industrial X-ray Film, 
Type AA, does for you: 


@ Speeds up radiographic 
examinations. 


| 


@ Has high film contrast, 
giving increased detail 
visibility and easy readability 
at all energy ranges. 


@ Provides excellent uniformity 


@ Reduces the possibility of 
pressure desensitization 
under shop conditions. 
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with the 


tint FANNER FAN-S-CHILLS 


provide superior chilling and greater savings 


A triumph of modern research and engineering — the FAN-S-CHILL, 
through its curved “S" design, provides 75°/, more chilling surface since 
there is no solid mass. 


Exclusive design with its perforated surface and double channel permits 
maximum parent metal fill-in . . . fuses into cast metal solidly, completely 
. . assures better quality castings. 


Formed steel fabrication provides highest possible chilling efficiency . . . 
ideal for general chilling purposes ... especially in steel. 


Lightweight construction provides triple savings — in cost, in shipping 


and in handling. 


Get the facts on the many cost saving features of the fine FANNER 
FAN-S-CHILL . . . write today for samples and latest prices. 


SPECIFICATIONS: 


WIDTH: %” — %” — %" — 1" — 1%" 
LENGTH: 2" to 5” 

Made in heavy, medium and light gauges. 
Copper, aluminum or tin coated. 


Lighter or heavier FAN-S-CHILLS in special 


sizes can be made on request. 


THE FANNER MANUFACTURING CO. 
Designers and Manufacturers of FINE FANNER CHAPLETS AND CHILLS 
BROOKSIDE PARK CLEVELAND 9, OHIO 
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LIGHTWEIGHT , GREATER FUSION 
No pockets to trap gases Perforo 
1g t. Lower shipping A tions permit metal flow-through. § 
harges. Easier to handle on the job * completely fused, difficult to detect 
¢ even with X-ray 
; ¥ 
f 4 
ey 
' = 
GREATER CHILLING SURFACE 
5 STANDARD SIZES 
75 greater chilling area since 
there_is no solid mass produce The ideal-chill for a wide range of 
better castinas applications. A size for every need 
eliminates makeshift chilling 


Circle No. 187, Page 17 
April 1960 - 


133 





D. A. Roemer 


let's 





. 


Donald A. Roemer . . . formerly found- 
ry superintendent, Franklin-Balmar 
Corp., Baltimore, Md., has been named 
assistant plant manager. He was former- 
ly chairman of the AFS Chesapeake 
Chapter and is currently secretary. 


W. D. McMillan . . . supervisor of met- 
allurgy, International Harvester Co., Mc- 
Cormick Works, Chicago, has retired. 
McMillan joined International Harvester 
in 1923 and was appointed as super- 
visor of metallurgy in 1949. He became 
an AFS Honorary Life Member in 1956 
and served as an AFS National Director 
1958-59. 


Emil J. Romans . . . has been named 
foundry manager, Canton Malleable Iron 
Co., subsidiary, Penn Machine Co. Ro- 
mans comes to the Canton, Ohio, com- 
pany from National Malleable & Steel 
Castings Co., Cleveland, where he had 
served for the past 26 years, latterly as 
foundry superintendent. 


Thomas T. Lloyd . . . has been named 
vice-president, manufacturing, Albion 
Malleable Iron Co., and will be in 
charge of operations at the company’s 
Albion (Michigan) and Muncie (Indiana) 
divisions, the latter a recent acquisition. 
Other appointments for the Muncie op- 
erations: Frank V. Jasienski, formerly 
operations manager at Albion, will be- 
come plant manager at Muncie; Donald 
I. Huisenga, foundry superintendent at 
Albion will be plant superintendent at 
Muncie. Other changes are: Richard H. 
Dobbins, to plant manager, Albion; C. 
Russell Baker to chief engineer, Albion; 
Roland H. Behling to design engineer, 
Albion; Wendall D. Dickmeyer to plant 
superintendent, Albion; James L. Sny- 
der, to controller, Muncie. 


Stowell C. Wasson . . . staff vice-president 
and a director, National Malleable & 
Steel Castings Co., Cleveland, is retiring 
as vice-president. Wasson began his 
career with National Malleable as a 
trainee in the purchasing department of 
the company’s Indianapolis plant in 1911. 
He was elected a director in 1947. 


George F. Hodgson . . . has been named 
as director of research, Doehler-Jarvis 
Div., National Lead Co., research and 
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W. D. McMillan 


E. J. Romans 


development department, Toledo, Ohio. 
Henry L. Byrne has been appointed as- 
sistant to the chief engineer of the divi- 
sion, Byron W. Koch has been made 
chief product development engineer. 


Elton E. Staples . . . has been named 
as president, Hevi-Duty Electric Co., 
Div. Basic Products, succeeding Harold 
E. Koch who will devote more time to 
his responsibilities as executive vice- 
president of Basic Products and presi- 
dent of Como-Cast Corp., a subsidiary 
of Basic Products. Staples has been Hevi- 
Duty general manager and served as 
vice-president of sales and sales manag- 
er of the firm’s Chicago district. 


John W. Brown, Jr. . . . is president of 
Brown Metals Engineering, Inc., Div. 
Brown Thermal Products Corp., Elyria, 
Ohio, formed for providing engineering 
assistance on plant layout, melting 
equipment and practice, metal handling, 
metallurgy and process control. Arthur 
C. Buesing, formerly with Gray Iron Re- 
search Institute, is vice-president. F. T. 
Kaiser, formerly with Modern Equip- 
ment Co., is director of engineering. 
Brown Metals Engineering will continue 
the sale of hot-blast heaters formerly 
handled by Brown Thermal Products 
Corp. J.W. Brown is also president of 
Brown Fintube Co., Brown Thermal 
Products Corp. and Brown Fintube Can- 
ada, Ltd. 


J. W. Brown Pat Dempsey 


H. Robert Chase . . . will represent the 
Kelsey-Hayes Co. in western Pennsyl- 
vania, Ohio, West Virginia, Kentucky 
and Eastern Michigan with headquarters 
in Cleveland. Finley K. Heyl will have 
headquarters in Chicago covering west- 


T. T. Lloyd 


S. C. Wasson 


ern Michigan, Indiana, Illinois, Wiscon- 
sin and seven other midwest states. 
Robert Nielsen, headquartered in New 
York, will be the eastern seaboard rep- 
resentative from Maine to Florida. 


Fred Goerke . . . formerly superintendent, 
Standard Buffalo Foundry Co., Buffalo, 
N.Y., is now pattern shop superintendent 
Fremont Foundry Co., Fremont, Ohio. 


Patrick E. Dempsey . . . for four years 
chief metallurgist with Kensington Steel 
Co., Chicago, is now division metallurgi- 
cal engineer in charge of technical serv- 
ices at the Gary Works, U. S. Steel Corp. 


Richard A. Flinn . . . professor of metal- 
lurgical engineering, University of Mich- 
igan, Ann Arbor, Mich., has been grant- 
ed a sabbatical leave for the 1960-61 
second semester so that he may revise 
two text books. 


Manley Brooks . . . Bay City Plant, Dow 
Chemical Co., has been selected to re- 
ceive the annual Penn State Distinguish- 
ed Alumnus award in May. This award, 
known as the David Ford MacFarland 
award, is presented annually by the Penn 
State Chapter of the American Society of 
Metals to an alumnus who has distin- 
guished himself. Brooks received the 
AFS Award of Scientific Merit in 1957. 


Philip F. Gray, Jr. . . . and Thomas R. 
Elmblad have been named managers of 
the Boston and Cleveland district sales 
offices of Whiting Corp., Harvey, Ill. 
Gray moves from the sales staff of the 
New York domestic office and Elmblad 
from the Pittsburgh office. J. A. McGlone 
has been named sales manager of the 
Whiting Trambean Overhead Material 
Handling Systems, moving from Chicago 
sales to the home offices at Harvey. B. L. 
Heinen, formerly of the Houston office, 
has been transformed to Chicago. R. A. 
Rogers has been transferred to the Char- 
lotte office from Chicago. 


Conrad A. Parlanti . . . inventor of the 
Parlanti mold process, and president, 
Niforge Corp., Boston, is now making 
available his services as a metallurgical 
and foundry consultant. 


S. Eugene Weed . . . has been appointed 
director of research and development at 
Vesuvius Crucible Co., Swissvale, Pa., 
succeeding Charles A. Styer who retired. 


Continued on page 136 
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anyone for continuous mulling? 


F. E. Sand Mullers are designed to give a continuous, high volume flow 
of perfectly conditioned molding sand. Ideal for plants requiring an 
uninterrupted sand supply. F. E.’s unique mulling action guarantees 
that grain size and permeability are maintained and effective bond is 
achieved. Made in three sizes — up to 30 tons per hour output. Choice 
of operation — continuous or batch/continuous. If you’re interested in 
this type of mulling, be sure to check with F. E. — it’s been an important 
part of our experience for over 25 years. And, we’ve shipped mullers 
to foundries around the world. Write, wire or phone for particulars. 


F. E. NORTH AMERICA, iro. 


47 ADVANCE ROAD, TORONTO 18, ONTARIO, CANADA 
TELEPHONE: BELMONT 3-3227 ¢ TELEGRAMS: EQUIPMENT, TORONTO 


MOLDING MACHINES « SANDRAMMERS « SHELL MOLD AND CORE MACHINES « COMPLETE SAND HANDLING SYSTEMS 
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let’s get personal 
Continued from page 134 


Chester Otto . . . is now general found- 
ry foreman of the Vilter Mfg. Co., Mil- 
waukee. Otto joined Vilter Mfg. Co. in 
1946. 


Robert D. Clark . . . is now president, 
Northern Malleable Iron Co., St. Paul, 
Minn., succeeding George T. Boli who 
becomes chairman of the board. Donald 
B. Fulton has been advanced from vice- 
president of manufacturing to vice-pres- 
ident and general manager. Fulton and 
Thomas Kirby, sales vice-president, were 


R. D. Clark R. L. Mclivaine 


R. L. McIlvaine . . . executive vice- 
president, National Engineering Co., Chi- 
cago, and Vice-Chairman of the AFS 
Safety, Hygiene & Air Pollution Control 
Program Steering Committee, attended 
the President’s Conference on Occupa- 
tional Safety held March 1-3 in Wash- 
ington, D. C. 


Myron C. Williams . . . has been ap- 
pointed to the sales staff of Roessing 
Bronze Co., Pittsburgh, Pa. Williams, 
previously senior analyst with Goodyear 
Atomic Corp., Piketon, Ohio, will han- 
dle Roessing product sales and services 
throughout Ohio. 


Everett G. Couch, Jr. . . . has been 
named production manager for Chas. 
Taylor Sons Co., Cincinnati, a subsid- 
iary of National Lead Co. He was man- 
ager of the firm’s refractories plant at 
Taylor, Ky. Raymond B. Lippincott, Jr., 
has been named as plant manager at 
Taylor, Ky. He was formerly with Sayre 
& Fisher Brick Co., Sayreville, N. J. 


Lee Nelsen . . . formerly foundry super- 
intendent, Metals Processing Div., Cur- 
tiss-Wright Corp., is now general found- 
ry foreman of Strong Steel Foundry Co., 
Buffalo, N. Y. 


William Busby . . . has been elected 
a vice-president of Texas Foundries, Inc., 
Lufkin, Texas. He has been with Texas 
Foundries for 11 years, serving as chief 
engineer since 1958. 


Austin D. Vanderbilt . . . has been 
named manager, industrial engineering 
for Crouse-Hinds Co., Syracuse, N. Y. 
He will coordinate the work of the 
plant engineering, planning, standards, 
quality control and safety departments. 
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William Welsh . . . formerly with Pusey 
& Jones Corp. Wilmington, Dela., is now 
assistant foundry superintendent, DeLa- 
val Steam Turbine Co., Trenton, N.J. 


William J. MacNeill . . . has been named 
to the newly created position of works 
manager, Federal Malleable Co., Mil- 
waukee. For the past two years has been 
associated with Westover Corp., Milwau- 
kee, as a foundry consultant. 


Bengt R. F. Kjellgren . . . has been elect- 
ed as chairman of the board of Brush 
Beryllium Co., Cleveland, and George S. 
Mikhalapov has been named as presi- 
dent. Kjellgren, who had been president 
since 1948, will continue to be the chief 
executive officer. Mikhalapov has been 
executive vice-president since he joined 
the company in 1957. C. Baldwin Say- 
wer, who has been board chairman, be- 
comes chairman of the executive com- 
mittee of the board. 


J. A. Pierce . . . member of the technical 
sales department, Harbison-Walker Re- 
fractories Co., Pittsburgh, has been 
named as manager. 


John E. Benedict . . . has been appointed 
sales representative for Queen City 
Sand & Supply Co., Buffalo, N.Y. He will 
cover western New York, northwestern 
Pennsylvania and southern Ontario. For 
the past six years he has been with 
Worthington Corp., Buffalo, N. Y. 


Jefferson J. Davis . . . formerly vice- 
president in charge of product division 
at Electric Steel Foundry Co., Portland, 
Ore., has been named executive vice- 
president. He has been with Electric 
Steel Foundry for 24 years, starting as 
office manager. 


J. J. Davis R. E. Anderson 


Ralph E. Anderson . . . is now chief 
metallurgist, Brillion Iron Works, Inc., 
Brillion, Wis. He was formerly research 
metallurgist for Owens-Corning Fiber- 
glas Corp., Newark, Ohio. 


P. H. Hookings . . . is now foundry 
superintendent, Granby Mining Co., 
Princeton, British Columbia. He was 
formerly with Major Aluminum Products 
Ltd., Vancouver, British Columbia. 


G. L. Barrett . . . is now superintend- 
ent, Alberta Steel Foundries, Ltd., Ed- 
monton, Alberta. He was formerly with 
Foothills Steel Foundry & Iron Works, 
Calgary, Alberta. 


Paul Schroeder . . . formerly plant su- 
perintendent, Kensington Steel Div., 
Poor & Co., has been named as vice- 
president of manufacturing of Kensing- 
ton Steel, Chicago. 


Prof. A. L. DeSy . . . University of 
Ghent/Ghent, Belgium, has been nomi- 
nated member of the Academy of Science 
(Royal Flemish Academy of Belgium) and 
elected honorary member of the Societe 
Francaise de Metallurgy. 


S. C. Massari . . . AFS Technical Direc- 
tor, has been named technical consultant 
“on call” to the Commanding Officer of 
Watertown Arsenal, Watertown, Mass. 


Thomas Beaulac, 68, died Feb. 4 in 
Glens Falls, N. Y. He entered the foun- 
dry line as an apprentice molder and 
following advancements served as a 
foundry superintendent for shops in 
Pennsylvania and Belleville, Ontario, 
Canada, for 20 years until 1949. He then 
entered the sales field, first for Dayton 
Oil Co., and then for Bloomsbury Gra- 
phite Co., Bloomsbury, N. J. After re- 
tiring in 1957 he moved to Glens Falls. 
He was active in chapter activities and 
served as a director of the AFS North- 
western Pennsylvania Chapter. 


J. D. Ramsay, former president and di- 
rector of North American Refractories 
Co., Cleveland, died suddenly at his 
home in Shaker Heights, Ohio, Jan. 31. 
He was the first president of North 
American Refractories and held the posi- 
tion of top officer and director until his 
retirement in 1947. 


Herbert L. Mausk, 69, retired vice-presi- 
dent of National Malleable & Steel Cast- 
ings Co., Cleveland, died Feb. 20 at his 
home in Tryon, N.C. He had served with 
National Malleable for 50 years and from 
1951-1957 was vice-president in charge 
of sales, transportation and products di- 
vision. 


Frank D. O'Neil, 58, vice-president and 
treasurer of Western Foundry Co., Div., 
Consolidated Foundries & Mfg. Corp., 
died Feb. 6 in Mobile, Ala., where he 
had been vacationing. 


Daniel G. Burkert, 70, a director of East- 
ern Foundry Co., Boyertown, Pa., died 
in February. He had been the firm’s presi- 
dent prior to his retiring five years ago. 
Previously he had been associated with 
Sanitary Co. of America, East Green- 
ville, Pa., and Union Mfg. Co., Boyer- 
town, Pa. 


James F. Dorris, Sr., vice-president, Eu- 
reka Foundry Co., Chattanooga, Tenn., 
died Jan. 6. 





Vancoram briquettes 


make mistakes hard to make! Mistakes cost money-but distinctively shaped 
Vancoram Briquettes cut errors to the bone. They help assure that the right amount of the right alloy gets 
into every melt. VCA supplies every major type: FERROSILICON (Cylindrical), FERROMANGANESE (oblong), 
FERROCHROMIUM (hexagonal), and SILICOMANGANESE (square). Every one sets a standard of excellence! 
Get Vancoram Briquettes in bulk, bags, or pallet boxes. Call your VCA representative for facts and figures— 
or any of the VCA Distributors listed below. Vanadium Corporation of America, 420 Lexington Avenue, 
New York 17, N.Y. Chicago + Cleveland - Detroit - Pittsburgh 


VCA Products are distributed by: Paciric MetaLs Company, Ltp.; STEEL SALEs CorporaTIoNn; J. M. 
TuLt METAL AND SUPPLY CoMPANY, INc.; WHITEHEAD METALS, INc.; WILLIAMS AND CoMPANY, INC. 


Be sure to visit our Booth (No. 1414) 
at the AFS Castings Congress, CORPORATION OF AMERICA 
Philadelphia, May 9-13. Producers of alloys, metals and chemicals 
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How the Foundry Industry Serves America . . . #5 of a Series 
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Fabrication of steel was first specified for this 35,000- 
lb. crankcase of a 7700-hp. marine diesel engine. But, 
after careful study, the obvious advantages of gray 
iron dictated the final choice of a gray iron casting. 


The excellent vibration damping characteristics of gray 
iron assure the lowest possible noise level. The rigidity 
and mass which is easily designed into a casting con- 
tributes to permanent alignment. Gray iron gives good 
engine heat distribution. The inherent stability of gray 
iron eliminates need for stress relieving. And because 


Facts from files of Gray Iron Founders’ Society, Inc. 


3 REASONS WHY IRON CASTING IS SPECIFIED FOR 7700-H.P. DIESEL CRANKCASE 





4 


a2" 





of the large amount of drilling and tapping required, 
the easy machinability of gray iron is an important 
advantage. All of these qualities were taken into con- 
sideration before the specifications were changed from 
steel weldment to gray iron casting. 


For the production of structurally sound iron castings, 
Hanna Furnace provides foundries with all regular 
grades of pig iron . . . foundry, malleable, Bessemer, 
intermediate low phosphorus, as well as HANNA- 
TITE® and Hanna Silvery. 


THE HANNA FURNACE CORPORATION 


Buffalo + Detroit + New York + Philadelphia 


Hanna Furnace is a division of NATIONAL STEEL CORPORATION 
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In the interest of the American foundry 
industry, this ad (see opposite page) will 
also appear in 
STEEL 
IRON AGE 


FOUNDRY 
AMERICAN METAL MARKET 





YOUR HAME HERE 
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REPRINTS OF THIS AD 
WITH YOUR 
FIRM’S SIGNATURE 


If you would like to have reprints of 
this ad to mail to your customers 
and prospects, let us know. Reprints 
will have no Hanna product message 
or signature, but will be imprinted 
with your firm name and address. 
Absolutely no obligation. To order 
your reprints, fill in and mail the 
coupon below. 


eeceeee Se eeeeeseeeseeeseeee 
. 


; The Hanna Furnace Corporation 
: Detroit 29, Michigan 


: Please send me__ reprints of Ad No. 
. (No.) 


_of your Foundry Industry Series. 
Imprint as follows: 











Send reprints to: 
NAME 
: | understand thereis no charge for this service. 
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GRAY IRON FOUNDERS’ SOCIETY 

. and Designers for Industry, Inc., 
have announced a cooperative iron cast- 
ing design service for the metalworking 
industries in United States and Canada. 
Designers for Industry, Inc., will serve 
as specialists in casting design, specify- 
ing, cost reduction, research and devel- 
opment and associated technical areas 
through its special castings department 
and consultation with G.L.F.S. 


STEEL FOUNDERS’ SOCIETY 
reports that member foundries’ produc- 
tion in 1959 exceed that of 1958 by 
25 per cent in spite of last-half produc- 
tion reductions caused by the steel strike. 
Steel casting production rebounded 100 
per cent from the peak low month of 
July, 1958 to the peak high month of 
May, 1959. 


General Electric Co. . . . X-Ray Dept., 
Milwaukee, announces that the sale and 
service of industrial x-ray equipment 
will be handled by the G. E. Apparatus 
Sales Division and the G. E. Industrial 
Section. 


Refractory & Metallurgical Products Co. 
. . » Detroit, has been formed to manu- 


foundry 
trade news 


facture superefractory products for ap- 
plications in the steel, foundry and 
metalworking industries. Officers are Ray- 
mond W. Morgan, president and treas- 
urer and Warren L. Pell, vice-president 
and secretary. 


H. K. Porter Co. . . . will invest approx- 
imately $4,000,000 in new construction 
and equipment modernization of its Re- 
fractories Division plants at Bessemer, 
Ala., and Wellsville, Ohio. Almost $2,- 
000,000 will be spent at the Bessemer 
Works for a new factory building and 
storage facilities, a tunnel kiln, dryers 
and new brickmaking facilities. At the 
Wellsville Plant about $1,500,000 is for 
two new tunnel kilns, additional dryers 
and new machinery and equipment. An 
estimated $455,000 will be invested in 
a new mechanized clay mine. 


Pickands Mather & Co. . . . has re-lo- 
cated its pig iron and coke sales office 
from Washington, D. C. to 30 Rocker- 
feller Plaza, New York. 


Case Institute of Technology . . . Cleve- 
land, has started excavation on a new 


Continued on page 142 


America’s three newest cars, the compact Valiant, Falcon and Corvair, average 73 Ib of 
aluminum each, 17 lb more than the average of all 1960 autos. The Corvair is powered 
by the first mass-produced aluminum engine in America. 
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FOUNDRY WHIPS RELEASE PROBLEM. On these vaned aluminum castings, Harris Metals Treating Co. gets good 
results with a Durez shell-moid resin—the only one that works. 


“Can't make these molds with 


MUCH FASTER THAN PLASTER. In place of 
conventional plaster for vaned aluminum 
parts, foundrymen at Harris employ shell 
molds using Durez resin. They get molds in 
minutes instead of days. 


any other resin,’ says foundry president 


Look at the vanes in this fluid-cou- 
pling part and you’ll see why it is a 
tough one to cast in aluminum. 

“Only one shell-mold resin—a 
Durez resin—gives us satisfactory 
release in this application,” says 
George Harris, president of Harris 
Metals Treating Co., Racine, Wis- 
consin. 


From days to minutes. In the vanes 
is where tolerances are smallest. 
This type of casting is generally 
made in plaster—a time-consuming 
operation. 

To hold cost down, Harris found- 
rymen decided right from the start 
to use shell molds. Result: they’re 
making molds in minutes instead of 
days—with accuracy and finish right 
up to par. 


Why shell is good insurance. Custom- 
ers like the savings they make on 
machining—with the smooth, accu- 
rate castings that shell molding and 
coring make possible. Foundries ev- 
erywhere are finding shell a power- 
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ful advantage in getting and holding 
business against competitive bids. 


Why you're ahead with Durez. Every 
year more foundrymen discover they 
get more of the advantages of shell 
molds and shell cores—and fewer of 
the problems—with Durez foundry 
resins. 

You can count on these resins to 
give you results that don’t vary: con- 
stant melt point, fast cure, freedom 
from peel-back; molds and cores of 
uniformly high tensile strength. 
That’s because Durez resins are 
made by modern mass-production 
methods under the watchful eyes of 
men who have been making resins 
as long as 30 years. 


You’re ahead with Durez techni- 
cal service, too. It’s shirt-sleeve serv- 
ice—by men who know how to get 
the most out of resins where it 
counts, in your foundry. 

To get his experience working for 
you, call in your Durez sales engi- 
neer soon. 


How-to-do-it information. Regardless 
of which foundry resins you’re using 
or plan to use, you’ll find the new 
32-page Durez Guide to Shell Mold- 
ing helpful. Completely revised, it 
contains recommendations on pat- 
terns, materials, mixing, tempera- 
tures, lubricants, molds, cores. It’s 
by men who have spent years learn- 
ing the subject. Write for your copy. 


DUREZ p.iastics DIVISION 


8904 WALCK ROAD, NORTH TONAWANDA, N. Y. 


x» 


HOOKER 





HOOKER CHEMICAL CORPORATION 


Circle No. 164, Page 17 


CHEMICALS 
PLASTICS 





From a laboratory furnace to a reverberatory furnace 
Hevi-Duty helps you find the value solution 
to your non-ferrous melting problems 


Hevi-Duty’s value solutions to three melting problems 
are described below. Such solutions call for compre- 
hensive industrial engineering ability as proved by 
Hevi-Duty’s success in solving thousands of heat proc- 
essing problems in all types of applications. 


Such solutions call for creative design engineering 
ability backed by Hevi-Duty’s experience with indus- 
try’s most complete line of electric and fuel-fired fur- 
naces and ovens. (Where stock designs or adaptations 
won’t do, Hevi-Duty custom-engineers equipment in- 
cluding huge field-erected furnaces. ) 


Such solutions call for soundly built and tested equip- 
ment typified by Hevi-Duty furnaces now paying off 


Hevi-Duty G-05 laboratory furnace used by Great Lakes 
Steel Corp., Detroit, for determining alumina content of slag 
is kept at 2200°F, 24 hours a day, 7 days a week. It heats 
rapidly, has 48 steps of control between 1700°F and 2600°F. 
Instruments and controls in base remain close to room 
temperature. For more information please request Bulletin 254. 


Each of these reverberatory 
furnaces melt and hold 35,000 
lbs. of aluminum for direct- 
chill billet casting. One furnace 
brings melt up to temperature 
while other pours. Large doors 
permit easy bath access for 
charging, drossing, fluxing, al- 
loying and furnace cleaning. 
Please write for Bulletin 591. 


throughout industry in increased production and ex- 
tended economic life of equipment. 


Case histories by the hundreds testify that it makes 
profitable sense to call in your Hevi-Duty sales engineer 
to help find the value solution to your melting problems. 


A Division of 
Basic Products 
Corporation 


Electric and Fuel-Fired 
Industrial Furnaces and Ovens 


Double-chamber dry-hearth aluminum melting furnace 
covers only 32 sq. ft. area at In-Sink-Erator Co., Racine, 
Wis., yet melts and holds up to 400 pounds of aluminum per 
hour after 2144-hour warm up. Well insulated furnace per- 
mits use of a permanent mold machine next to the dip-out 
chamber. For complete information write for Bulletin 593. 
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$2,300,000 metallurgy building which 
will have twice as much space as the 
present building which is to be torn 
down. The six-story building will con- 
tain approximately 71,450 sq ft and will 
be completed about Sept., 1961. Plans 
for the metallurgy building were includ- 
ed in the objectives of the Case $6,500,- 
000 building fund which started in late 
1957 and recently topped the $6,000,000 
mark. It will provide research labora- 
tory and teaching areas for the investi- 
gation of the effect of ultra-high tem- 
peratures on materials and for the study 
of ultra-strength materials as well as 
facilities fur a number of new fields 
on the Case campus such as ceramics. 


Pennsylvania Glass Sand Corp. . . . New 
York, has moved its southwestern region- 
al sales office from Tulsa, Okla., to 292 
Meadows Building, Dallas, Texas. 


Kaiser Refractories & Chemicals Div. 
. . » has announced that the names of 
three of its sales subsidiaries have been 
changed to the name of the parent 
organization. The Mexico Refractories 
Co. of Ohio with offices in Cleveland 
and Toledo, will now operate as Kaiser 
Refractories & Chemicals. A_ similar 
change has been made by Mexico Re- 
fractories Co. of Texas with offices in 
Houston and Dallas. In Los Angeles, a 


similar change will be made by Mis- 
souri Refractories Co. Kaiser Refracto- 
ries has also opened a new sales office 
at 2901 East 4th Ave., Columbus, Ohio. 


Marathon Div., American Can Co... . 
is installing a 100,000 Ib-a-day spray 
dryer and other processing equipment 
for the production of lignosulfonates 
from spent sulphite liquor at its Green 
Bay, Wis., pulp and paper mill. The 
Green Bay facilities, together with those 
of the company’s completely integrated 
chemical plant at its Rothschild, Wis., 
mill, make Marathon one of the largest 
producers of lignosulfonate powders 
used in foundry core binders and other 
industrial applications. 


Dow Metal Products Co. . . . Div. Dow 
Chemical Co., Midland, Mich., is now 
operating a new die casting plant for 
light metals on a commercial basis. 


Stillman Foundry Co. . . . Grand Rap- 
ids, Mich., has been purchased by Don- 
ald W. Gaertner, Albion, Mich., who 
has been connected with Albion and 
Coldwater, Mich. foundries during the 
past ten years. 


Cooper Alloy Corp. . . . Hillside, N. J., 
has acquired 15,000 sq ft of plant space 
in Hillside on a long term lease basis 
for warehousing and shipping purposes. 


Textile Machine Works . . . Reading, 
Pa., is installing new ovens and porce- 





DETAILS OF PLASTIC 
PATTERNMAKING REVEALED 





YOUR COPY 


Describes Ten Major Pattern Applications 
Eight big pages of technical facts, mixing proportions, 
curing data, pot life, results in ————— coatings, re- 
lease agents and new safety ha rs. Send for your 
free copy today. 
SEE US AT BOOTH 732, CONVENTION HALL 
AFS CASTING CONGRESS AND CONVENTION 
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lainizing equipment for its cast iron 
cookwear. When in operation, 2500 piec- 
es of finished cookwear will be produced 
in eight hours. Castings will flow con- 
tinuously on conveyors through the 
spraying process and then through the 
baking or burning cycle to the finish- 
ing station. 


Westover Corp. . . . Milwaukee, now 
separated from Nomad Equipment Div., 
continues in management service work. 
C.E. Westover, company founder, is now 
chairman of the board; Jeff A. Westover 
is president and treasurer; Forrest E. 
Noggle is vice-president and secretary. 


Birdsboro Corp. . . . is the new corporate 
name for Birdsboro Steel Foundry & 
Machine Co., Birdsboro, Pa., which dates 
back beyond the American Revolution. 
The name was adopted to reflect its div- 
ersification and expansion program. 


Harding Mfg. Co. . . . York, Pa., sub- 
sidiary of Harding Co., will spend $300,- 
000 to expand and modernize its foundry 
facilities. The enlarged foundry will 
cover approximately 32,000 sq ft. 


Fall River Foundry Co., Fall River, Wis., form- 
erly wholly-owned subsidiary of Badger Meter 
Mfg. Co., Milwaukee, has been purchased by 
William C. Wright of Milwaukee, and asso- 
ciates. Wright, formerly in charge of manu- 
facturing at Badger Meter and president of 
Fall River Foundry since 1954, did not disclose 
purchase price of 43,000-sq ft foundry built 
in 1954 and enlarged in 1958. 


Thirteen of class of 16 graduates of Max S$. Hayes Trade School 
patternmaking apprentice classes. Apprentices attended school eight 
hours a day per week for the first three years and received the same 
wages as when working on the job for the balance of the week in 
local pattern shops. This was followed by night attendance for two 
years, consisting of one 3-1/2 hour session per week for 38 weeks. 





FOR YOUR FOUNDRY... 
THERE’S A 


DELTA 


COST-CUTTING 


CORE & MOLD PRODUCTION 
WASH... a 


FINER-FINISH 
DESIGNED EXPRESSLY 10:- CASTINGS 


3. REDUCE 
SCRAP & REJECT LOWER 
CLEANING ROOM CASTINGS PRODUCTION 
COSTS TOA COSTS 
MINIMUM 





<= 
Working samples, together with literature on Delta Core and 5. 
Mold Washes, will be sent to you on request. Tell us the kind GIVE 
of castings you make — steel, gray iron, malleable, non-ferrous 


— and such other information as you care to add. If you have CORES & MOLDS 


a particular problem, tell us about it. Delta foundry technicians 
are qualified to recommend Delta Foundry Products for specific BETTER 
applications in all types of foundries. 


All Delta Core and Mold DIMENSIONAL 


Washes are quality con- 


ee ae STABILITY 


DELTA OIL PRODUCTS CORP. « MILWAUKEE 9, WIS. 


MANUFACTURERS OF 
SCIENTIFICALLY CONTROLLED FOUNDRY PRODUCTS 
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Exhibitors Product Preview 


(Continued from page 50) 


mill and separator and cleaner. 
Crusher will take oil, synthetic or 
COz-hardened cores or molds. 


Vacuum impregnating Unit Seals 
Ferrous, Non-Ferrous Castings 
High vacuum impregnating unit 
permanently seals leaks in all types 
of ferrous and non-ferrous pressure 
castings. Extremely high vacuum 
removes all air and moisture from 
casting and assures penetration of 
the impregnation material. After 
this penetration of the seal caused 


by. the vacuum, air pressure is ap- 
plied for further seal penetration. 

Although the machine is de- 
signed for Cast Seal impregnator, 
excellent results are obtained with 
such materials as sodium silicate, 
polyester, vinylite, lacquer, wax, 
varnish, oil, styrene and phenolic 
resins. Unit will be displayed by 
Metallizing Co. of America, Chica- 
go, at the Castings Exposition. 


Automatic Permanent Mold Unit 
Features Speed and Mobility 


Automatic permanent mold cast- 
ing machines, using 8x12 in. or 12x 
18 in. mounting plates, speed pro- 
duction through mobility, quick die 
change feature and automatic tim- 
ing. Machines are easily moved 
from furnace to furnace for differ- 
ent alloys. Stahl Speciality Co., 
Kingsville, Mo., will exhibit ma- 
chines at the Castings Exposition. 


Hydrogen Analyzer Provides 
Check on In-Coming Materials 


New hydrogen analyzer enables 
the user to check incoming mate- 
rial, control processing, determine 
the causes of failure and correlate 
the effects of hydrogen content 
with physical properties. 

The instrument gives rapid hy- 
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drogen analysis in such metals as 
steel and its alloys as well as less 
refractory, lower melting metals. 
Extraction time is from three to 
ten minutes depending upon the 
material analyzed. Instrument com- 
bines speed and accuracy with sim- 
plicity of operation. Utilizing the 


hot extraction principle, the hydro- 
gen analyzer meets the A.S.T.M. re- 
quirements (tentative procedure ) 
of 2192 F operating temperature. 

Obtain complete details on this 
unit by visiting the booth of Lab- 
oratory Equipment Corp. of St. Jo- 
seph, Mich. 


Stokes Unit Speeds Vacuum 
Melting, Casting Operations 
Virtually continuous vacuum 
melting and precision casting oper- 
ations can be carried on in the ver- 
satile new Stokes induction heated 
vacuum melting furnace. The unit 
with a capacity of 50-100 Ib has 
a horizontal layout, with the mold 
chamber (at left in picture) lo- 


cated alongside and in line with 
the melting chamber. The two are 
connected by a “lock” through 
which the molds are pushed into 
the melting chamber to receive the 
pour, and are then withdrawn into 


the mold chamber, all without 


breaking vacuum. 
Attend the F. J. Stokes Corp. 


booth at the Castings Exposition 
for complete details on the first 
semi-continuous furnaces of stand- 
ard design to be developed. 


Automatic Shell Machine Makes 
Simultaneous Cores and Molds 


A new gas-fired “Blo-Core” auto- 
matic shell machine will be exhib- 
ited at the Castings Exposition by 
C&S Products Co. The two-station, 
rotary shell blower is capable of 


> -_* 


producing shell cores and shell 
molds simultaneously. Available in 
two sizes, the machine produces 
up to 100 blows per hour without 
skilled labor. It can produce hori- 
zontally parted boxes up to 16x24x- 
32 in. draw; vertically split boxes 
up to 15x24x24 in. 


Brown Metals will Feature 
New Engineering Services 


Motif of the exhibit of Brown 
Metals, Inc., at the Castings Expo- 
sition will be their new engineer- 
ing service for foundries, as well 
as their line of hot-blast heaters. 

Personnel in the booth, to be lo- 
cated at space No. 1210 at the 
Philadelphia Convention Hall, will 


explain the Brown engineering 
service which includes assistance in 
plant layout, melting equipment 
and practice, metal handling, met- 
allurgy and process control. On ex- 
hibit will be hot-blast cleaners for 
supplying preheated air to cupola. 








“ SSM 
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Sale 
ee ater ad 
ALL THE MERITS OF ROUNDED-GRAIN 

QUALITY ARE YOURS 


with WEDRON SILICA... 


We feel the name Wedron means a number of things to foundrymen: 

Quality, purity, rounded-grain structure, and a wide range of A. F.S. grades to choose 
from. Of these, quality and the rounded-grain advantages stand out. 

They tell you that Wedron Sands give you the basis for better 

controlled castings. Try Wedron today and experience better results. 
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Wrepron SILICA COMPANY 


135 South LaSalle Street + Chicago 3, illinois 
Send for illustrated brochure on Wedron sands. MINES AND MILLS IN THE 
WEDRON-OTTAWA DISTRICT 
Circle No. 168, Page 17 
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Castings Congress Papers 


(Continued from page 45) 


What is the significance of this 
study, Ultra High Pressure Casting, 
by J. L. Reiss and E. C. Kron? 
What melting methods were used? 
How critical is the time during 
which pressure is applied? Attend 
this technical session to learn more 
about this unusual new technique. 

Pressures of 100,000 and 50,000 
psi were used. The lower pressure 
yielded similar properties and was 
less difficult to use. 


Principles of soil mechanics may 
well be the key that unlocks the 
door to understanding why green 
sand molds crack and baked cores 
hot crack. In Selected Principles of 
Soil Mechanics Related to Sand 
Testing, Molds and Cores, D. C. 
Williams reveals a new approach 
to studying sand flowability. 


Use of “impact modulus” for the 
impact testing of flake graphite 
cast iron is suggested by the Bel- 
gium author, A. DeSy, University 
of Ghent, who is also chairman of 
the Working Groups’ Panel of the 


International Committee on meth- 
ods of testing cast iron. 

Says DeSy .. . “We are dealing 
with a characteristic of the mate- 
rial and not a kind of result de- 
pending on the first instance on the 
particular shape and on dimensions 
of the test piece. This is indeed 
the case for the Charpy V-notch 
or keyhole notch test pieces or any 
other notched test piece employed 
for impact tests for steel.” 

He suggests that the result of the 
impact test on cast iron should be 
expressed in terms of energy of 
rupture per unit volume, called 
impact modulus. 


This technical session, Gray Cast 
Iron Impact Test and Impact Mod- 
ulus, promises to have internation- 
al significance in the realm of cast 
iron testing. 

Nonmetallic inclusions, particu- 
larly on the cope surfaces of steel 
castings, variously called snotters 
or ceroxides, has long plagued 
foundrymen. Research to identify 
the defect, find the sources of the 


inclusions and methods for their 
elimination has been conducted at 
the University of Michigan, spon- 
sored by the AFS Training & Re- 
search Institute under direction of 
the Research Committee of the 
Steel Division. Two progress re- 
ports contain the results investiga- 
tion. 

Three sources of nonmetallic ma- 
croinclusions in aluminum-killed 
steel are outlined in part 1. 

Two of the reactions are gener- 
ally known to foundrymen. How- 
ever, one, the ineraction of alumi- 
num dissolved in liquid steel and 
ladle refractories, has received less 
attention. It is covered in part 2, 
which points out the fallacy that 
good teapot ladle practice or use 
of bottom pour ladles will produce 
a completely clean stream of metal. 

A comprehensive report on the 
causes and possible cures of this 
universal steel problem will be a 
feature attraction at one of the 
technical sessions sponsored by the 
Steel Division. Part 1 is entitled 
Nonmetallic Macroinclusion Causes 
in Steel Castings Deoxidized with 
Aluminum. Part 2 is Reactions Be- 
tween Refractories and Molten 
Steel Containing Aluminum. 





HOW MANY TRIANGLES’ 
CAN YOU FIND IN THIS S 


Look for the hidden value in blast cleaning abrasives, too 


The “hidden values” you get in a high quality steel 
abrasive, like Wheelabrator Steel Shot, far outweigh 
any price advantage of the so-called “economy” abrasives. 


Wheelabrator Steel Shot is harder and tougher — lives 


for many more cycles through your blast equipment. It 


cleans better — allows shorter blast cycles. You'll get 
better, faster cleaning, lower maintenance, lower actual 
cleaning costs with top quality Wheelabrator Steel Shot. 
Thousands of users do. Your Wheelabrator Abrasive 


Engineer will prove it. 


Write today for this new handbook of blast cleaning 
abrasive performance, full of charts and facts to help 
you control abrasive consumption and reduce cleaning 
costs. Write to Wheelabrator Corp., 630 S. Byrkit St., 

Mishawaka, Ind. In Canada, Wheelabrator Corp., 
Canadian Div., P.O. Box 490, Scarborough, Ontario. 


eee ed 
AIRLESS BLAST EQUIPMENT 


®If you examine it closely enough, you'll find 97 triangles. 
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Core binders . . . composed of group of 
amino-aldehyde liquid thermosetting res- 
ins designed for rapid baking, superior 
tensile strength and excellent collapsi- 
bility. Request technical bulletin. Reich- 
hold Chemicals, 


Inc. 
For Your Copy, Circle We. 60, Page 17 


Abrasive performance . . . of steel shot 
and steeletts offered in 18-p brochure. 
Includes specifications and applications. 


Wheelabrator Corp. 
For Your Capy, Circle No. 61, Page 17 


Insulated riser sleeve . . . for non-ferrous 
castings described in 4-p folder. Johns- 


Manville Corp. 
For Your Copy, Circle Wo. 62, Page 17 


New self-curing sand binder . fully 
described in 8-p_ technical bulletin. 
Archer-Daniels-Midland Co. 

For Your Copy, Circle No. 63, Page 17 


CO, process . . . for making molds and 
cores gon aby in booklet authored by 
reported authority in field of foundry 


facings. Frederic B. Stevens, Inc. 
For Your Copy, Circle No. 64, Page 17 


folder which pictures various stages in 
processing. Wedron Silica Co. 
For Your Copy, Circte Ne. 66, Page 17 


presen 
high Fan & Blower Div., Fuller Co. 
For Your Copy, Cirele Ne. 67, Page 17 


Grinding wheel . recommendations 
catalog designed for use by company’s 
salemen contains over 1600 application 


r 5 
For Your Copy, Circle No. 68, Page 17 


to many situations, shown in 24-p cat- 
alog. Includes engineering drawings an 
data. Logan Co. 

For Your Copy, Circle No. 68, Page 17 


Controls . . . for foundry furnaces and 

ovens specified and priced in 40-p book- 

let. Minneapolis-Honeywell Regulator Co. 
For Your Copy, Circle No. 70, Page 17 


Chain safety . . . emphasized in six-part 


kit made up of five folders each dealing 

with different aspect of chain safety. 

Also includes 12-p booklet. McKay Co. 
For Your Copy, Circle We. 71, Page 17 


Gray iron castings . . . specification and 
purchasing discussed in free reprint. De- 
catur Casting Co. 

For Your Copy, Circle Ne. 72, Page 17 


Platform truck ... can be used to trans- 
port material, tools or personnel. Request 
bulletin. Prime- Mover Co. 

For Your Copy, Circle Ne. 73, Page 17 


Refractories . . . handbook, 130-pp, has 
been completely revised. Includes new 
products. Walsh Refractories Corp. 

For Your Copy, Circle Ne. 74, Page 17 


Heat processing . . . furnaces for use 
in stress-relieving aluminum and steel, 
annealing, heat treating, tempering al- 
loy steel, ageing of castings, galvaniz- 
ing and nitriding. Despatch Oven Co. 
For Yeur Copy, Circle Ne. 75, Page 17 


. .« blower heaters, and in- 
fra-red heaters presented in new catalog. 
No. 259B. Insto-Gas Corp. 

For Your Copy, Circle Ne. 76, Page 17 


Grinding wheel chart . . . lists 10 do’s 
and 10 dont’s for grinding wheel safety. 
Grinding Wheel Institute. 

For Your Copy, Circle Ne. 77, Page 17 


Cupper-base alloys . . . are subject of 
technical report covering three of these 
low-shrinkage casting alloys. Brass & 
Bronze Ingot Institute. 

For Your Copy, Circle Ne. 78, Page 17 


Pattern cost reduction . . . is goal of this 
bulletin. Technique described reported- 
ly is duplicating process eliminating 
double shrink patterns. iene Div., 
Houghton Laboratories, I 

For Your Copy, Circle * ” Page 17 


Eliminate porosity . . . in castings with 
lithium copper cartridges, according to 
company publication, Vol 30, No. 1. 
Niagara Falls Smelting & Refining Div., 
Continental Copper & Steel Industries, 
Inc. 


For Your Copy, Circle No. 80, Page 17 
Stress-rupture properties . doubled 
for WI-52 Alley, a cobalt-tungsten alloy. 
To find out how this claim was brought 
about, circle the number below on the 
Literature Request Card. WaiMet Al- 
lovs Co. 

; For Your Copy, Circle We. 81, Page 17 


Metal removal . . . company publication 
is something new. To register for this 
quarterly house organ, use the Litera- 
ture Request Card. Arcair Co. 

For Your Copy, Circle Ne. 62, Page 17 


Table rooms . . . for blast cleaning of 

castings described in new 12-p bulletin. 

Cleans castings up to 10 ft wide weigh- 

ing as much as six tons. P. = Comp. 
For Your Copy, Circle Me. 83, 


Technical films . . . catalog features 
films about new products, advanced in- 
dustrial processes and new techniques. 
All films free loan. Modern Talking 
Picture Service, Inc. 

For Your Copy, Circle Noe. 84, Page 17 


Wall chart . . . shows gaseous equiva- 
lents of liquid oxygen, nitrogen and ar- 
gon. Ronan & Kunzl, Inc. 

For Your Copy, Circle Ne. 85, Page 17 


Pyrometers . . . detailed in catalog No. 
175. Includes optical, micro-optical, ra- 
diation, immersion, surface and indicat- 
ing types. Pyrometer Instrument Co. 

For Your Copy, Circle Ne. 86, Page 17 


X-Ray . . . spectrochemical analysis in 
industry is subject of free reprint cover- 
ing detailed applications, scientific the- 
ory, instruments, and specificatiim data. 
Applied Research Laboratories, Inc. 

For Your Copy, Circle No. 87, Page 17 


Equipment leasing . . . pros and cons 
outlined in brochure. Foundation for 


Management Research. 
For Your Copy, Circle Ne. 88, Page 17 


Management . . . reportedly can save 
unlimited time with instrument panel 
system designed to monitor project pro- 
gress; scores of different applications. 
Photographic reproduction of panel serv- 
es as report. Wassell Organization, West- 
port, Conn. 
For Your Copy, Circle Ne. 88, Page 17 


Anodizing . . . of aluminum discussed 
in new booklet. Reynolds Metals Co. 
Fer Your Copy, Circle No. 90, Page 17 


Colloidal dispersions . . . also semi- 

colloidal, for lubricants, discussed in case 

history reports. Includes reported better 

surface finish in permanent mold coat- 

ing, and labor saving report. Jaqua Co. 
For Your Copy, Circle Ne. 100, Page 17 


Drafting equipment .. . and supply 
catalog, 100 pp, features all equipment 
and supplies for modern drafting work. 
Alfred Mossner Co. 

For Your Copy, Circle We. 101, Page 17 


Furnace master station . . . shown and 
described in data sheet. TOCCO Div., 
Ohio Crankshaft Co. 

Fer Your Copy, Circle No. 102, Page 17 


Industrial gases . . . and how they may 
be put to use in your plant is subject 
of brochure. Linde Industrial Gases. 

For Your Copy, Circle No. 163, Page 17 


Crucible melting . . . problems are basis 
for short articles written to help solve 
melting problems for association mem- 
bers. Individual sheets have been com- 


April. 1960 + 447 





bined into pamphlet form, which is yours 
for the asking. Crucible Manufacturers 
Association, 


For Your Copy, Circle Ne. 104, Page 17 


For Your Copy, Circle No. 108, Page 17 


Cobalt in Cast Iron 
For Your Copy, Circle No. 109, Page 17 


The Uses of Cobalt 
For Your Copy, Circle Ne. 118, Page 17 


Alloys for the Aircraft Industry . . . The 
Role of Cobalt. 
For Your Copy, Circle No. 111, Page 17 


size, alloy condition, 
speed, cutting fluid, etc. Cobalt Informa- 


tion Center. 
For Your Copy, Circle Ne. 112, Page 17 


Ceramic fiber . . . said to withstand 
operating temperatures to 2300 F. Typi- 
cal uses discussed in 8-p brochure. Car- 


borundum Co. 
For Your Copy, Circle Ne. 113, Page 17 


Air cylinders . . . rated for up to 750 psi 

operation and related products shown in 

new bulletin, 24pp. Flick-Reedy Corp. 
For Your Copy, Circle No. 114, Page 17 


Industrial scales . . . include models for 


For Your Copy, Circle No. 118, Page 17 


Motor-generator chargers . . . automatic- 
ally controlled, covered in 8-p bulletin 
containing electric industrial truck and 
other motive power applications. Exide 
Industrial Div., Electric Storage Battery 
Co. 


For Your Copy, Circle No. 116, Page 17 


Induction heating . . . equipment com- 
pletely described in 8-p bulletin covering 
billet heating, heat treating, joining, 
melting and sintering. Ajax Magnetherm- 
ic Corp. 
For Your Copy, Circle Ne. 117, Page 17 


Analytical services . . . and quality con- 
trol for industry and government offered 
through laboratories shown in the pages 
of this brochure. Spectrochemical Labor- 


Inc. 
For Your Copy, Cit.te Ne. 118, Page 17 
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Co. 
For Your Copy, Circte Ne. 123, Page 17 


Torque calculator . . . for determining 

proper flexible shafting power drive 

cores. Rugged cardboard construction, 

designed to fit into pocket. Stow Mfg. Co. 
For Your Copy, Circle Ne. 124, Page 17 


For Your Copy, Circie Ne. 126, Page 17 


Dust and fume . . . control system cata- 
log features 60 plant installations, 52 
pp. Kirk & Blum Mfg. Co. 

For Your Copy, Circle Ne. 127, Page 17 


Cleaning barrels . . . exclusive features 
described in 16-p bulletin No. 796. De- 
signed for manufacturers of small-to- 

castings. Pangborn Corp. 
For Your Copy, Circle Ne. 131, Page 17 


Power tool . . . catalog includes new 
models being introduced this year. Six- 
ty-page catalog is yours for the asking. 
Boice-Crane Co 


For Your Copy, Circie Ne. 132, Page 17 


, compactability and permeability. 
Dow Chemical Co. 
Fer Your Copy, Circle We. 133, Page 17 


. . + of bulk ma- 
are hurled into areas inac- 
means. Read about this 


cates 60,000-Ib stainless steel paper mill 
rolls. Read about it in free reprint from 
MovERN Castines. American Foundry- 


Society. 
For Your Copy, Circle Ne. 135, Page 17 


Lanthanum . . . and its use to soften 
ductile iron castings is subject of free 
Mopern Castines reprint. American 
Foundrymen’s Society. 


For Your Copy, Circle Wo. 136, Page 17 


Corn sugar binder . . . reduces baking 
time and improves casting quality in 
steel foundry coremaking operation. Free 


For Your Copy, Circle Ne. 137, Page 17 


Titanium castings . . . marketing prob- 
lems and outlook for the future covered 
in Mopern Castincs reprint. American 
Foundrymen’s Society. 


For Your Copy, Circle Ne. 138, Page 17 


Mechanized molding line . . . producing 
240 molds per hour with five employees 
is subject of reprint from MODERN 
CASTINGS. American Foundrymen’s So- 


” Fer Your Copy, Circle Ne. 138, Page 17 


Brass fumes trapped . . . with portable 
collector described in MODERN CAST- 
INGS reprint. American Foundrymen’s 


Fer Your Copy, Circle No. 140, Page 17 


Carbon refractories . . . in cupola con- 
struction resist slag attack, have high 
at elevated temperatures. MOD- 
ERN CASTINGS reprint. American 
Foundrymen’s Society. 
For Your Copy, Circle Ne. 141, Page 17 





If you now use hard (chilled) iron abrasives—and 
almost half of all abrasives used still fall into this 
category—may we suggest CONTROLLED “‘T’’®, 
with its exclusive and unique properties? 

No doubt you selected hard iron abrasives because 
you wanted: fast cleaning and cutting action (the 
ability to remove sand and scale) and the ‘‘keying”’ 
action (where the product will receive further process- 
ing). Disadvantages of ordinary chilled shot and 
grit, of course, lie in their rapid breakdown (causing 
high consumption) and in their extreme high hard- 
ness (causing excessive wear on blades, control cages, 
impeller, liners, etc.) 

CONTROLLED “‘T’’®, made to a specific BHN, 
is an “iron fist in a velvet glove.” Its controlled spec- 
ifications are such that you enjoy the speed and 
cutting action of chilled, without the disadvantages 
of rapid breakdown and high maintenance costs. Sav- 
ings: as much as 50% on consumption, as much as 


SEND FOR YOUR FREE COPY: 


concerning 
The Facts of Life ten ene af Shot and Grit 


Sold Exclusively by 
HICKMAN, WILLIAMS 
& COMPANY (inc.) 


Chicago « Detroit + Cincinnati 
« St. Louis - New York « Cleve- 
land + Philadelphia + Pitts- 
burgh - indianapolis 


Exclusive West Coast 
Subdistributors 


BRUMLEY-DONALDSON 
COMPANY 


Los Angeles - Oakland 


\ 


40% on maintenance! You can cut yourself a gener- 
ous slice of profits with these important cost-cutting 
features of CONTROLLED “‘T’’®. If this sounds like 
a fairy tale, try us! We won’t upset your operations 
with a test, there is a simple and inexpensive way to 
tell. Cost-conscious customers have been enjoying 
these extra profits for over a decade! 

If you are using ordinary annealed or steel abra- 
sives, you’ll want to try our PERMABRASIVE®, 
the pearlitic malleable shot and grit with a con- 
trolled hardness range that saves you money through 
faster cleaning and lower cost per ton. Or PERMA- 
STEEL®, the low cost “‘work-horse”’ of the long-life 
abrasives, may fit your special application perfectly 
to produce many of the same cost-cutting advantages. 


See us at the FOUNDRY SHOW. BOOTH #528 


METAL ABRASIVE COMPANY 


3560 Norton Rd. « Cleveland 11, Ohio 
Western Metal Abrasives Co. (Affiliate) 
101 E. Main Street » Chicago Heights, Illinois 
Sole manufacturers of 
Permabrasive® and Controlled T"’® abrasives. 


SEE OUR AD AND LISTINGS IN THE AFS BUYERS DIRECTOR 
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COCR MO 
“UVV00VU" 


MAGNETHERMIC 


| AUAX ELECTROTHERMIC. edi AJAX ENGINEERING 


The 180-cycle Multiductor, a low-cost static frequency converter, permits the use of 
induction on heating and melting applications where costs were previously prohibitive. 


THE NAME WITH THE FAMILIAR RING! 


The Multiductor, one of several Power Sources... another major 
product line of AM for the heating or melting of metals by Induction. 


GENERAL OFFICES 
P.O. BOX 639 
Youngstown 1, Ohio 


MNQUCTION hearing TRENTON DIVISION 


930 Lower Ferry Road 


/s out only business” al relal—i4 al=iaeaalio Svonton i. tee Gareny 


YOUNGSTOWN DIVISION 
CORPORATION 3990 Simon Road 


Youngstown 1, Ohio 
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Abstracts of International 
Foundry Congress Papers 


MODERN CASTINGS presents here the last in a 
series of abstracts of technical papers presented at the 
26th International Foundry Congress in Madrid, Spain 


Melting and Strickles Molding of Spiral 
Chambers for Hydraulic Turbines by Vic- 
tor Gomez Oliva. 

A molding process is described for 
which it is claimed that a cost reduc- 
tion and improvement of size, shape and 
finish of casting is obtained. This is 
made possible by improving the mold- 
ing equipment usually employed in 
foundries. . . . 5 pages in Spanish. 


A New Molding Sand Control-Factor, 
The pH by Juan Castells Ruiz. 

This paper is intended to determine 
the cause of a surface defect which 
appears in certain cases on gray iron 
castings and steel castings, when mold- 
ing sand is intensively used after a long 
shutdown. 

A control method consists in measur- 
ing the acidity or basicity (alkalinity) 
of the sand mixture. 

Raising pH by adding alkaline prod- 
ucts to the return sand gives entirely 
satisfactory results. 








Complete copies of these papers have been placed 
in the Library of the American Foundrymen’s So- 
ciety. After reading the abstracts, you may want 
complete copies for your file. Copies of the ori- 
ginal paper, in the language of presentation, are 
available at 20 cents per page. The language 
length of papers are given at the end of each 
abstract. Address orders to Book Dept., AFS, Golf 
& Wolf Rds., Des Plaines, Ill. 








This remedy proved to be the solu- 
tion to this scab defect. . . . 12 pages 
in Spanish. 


The Control of the Graphitization in the 
Gray Iron Castings by Jose-Oriol Cadel- 
lans Oller. 

Some examples of the application of 
the chill test are presented for the con- 
trol of graphitization at a foundry which 
has especialized in high strength alloys, 
with and without alloy elements. From 
the results obtained through the chill 
test we conclude that it allows us to 
control with surety and rapidity the ap- 
titude of the cast metal for graphitiza- 
tion. . .. 9 pages in Spanish. 


Quality Control in Casting Process by 
Ernesto Ruiz Pala. 

Use of quality control charts for vari- 
ables during casting process is of high 
utility to guarantee uniformity and qual- 
ity level. Mold properties depend on its 
permeability, consistency and moisture 


content. Drawing correlation curves be- 
tween sand properties and mold hard- 
ness for each moisture content, it is pos- 
sible to control work watching the latter, 
as well as to establish convenient lim- 
its in function of minimums allowable 
for permeability and consistency. 

5 pages in Spanish. 


The Influence of Sulphur in High Quality 
Gray Iron Strength and Hardness by 
Jeronimo Vazquez White. 

The principal object of this work has 
been to corroborate the influence that 
sulphur has on the mechanical charac- 
teristics of gray cast iron especially 
when the amounts of sulphur are very 
low. 

The following conclusions have been 
reached. 

1) All the S contained in the casting 

is in the form of SMn. 

2) Although it is possible to neutralize 


Continued on page 152 








Increase your profits 
with DFC crucibles & funnels 


Since 1876, DFC has furnished crucibles, clay goods, 
and accessory materials which have set standards of quality 


the world over. More recently the unanimous acceptance 


and wide use of DFC transfer crucibles and funnels by the 


precision casting industry, is high testimony to their 


economy and dependability. 


For precision casting...lost wax, investment and 


permanent mold. Transferring, pouring, spouting... 


there is a DFC crucible or funnel to meet your exact 


needs. 


If you have a special crucible problem, let us 


’ work on it for you. 


"Denver Fire Clay Company 


DENVER * 





SALT LAKE CITY * 








sponamas 


of crucibles. 


Company 


Address 


new TOSn City and State 
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The DENVER FIRE CLAY COMFANY 
3039 Blake Street, Denver 17, Colorado 


Please send me further information on your full line 
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International papers 
Continued from page 163 


all the S with Mn, it is convenient 
to establish an upper limit. 

3) In certain cases it is necessary to 
establish a low limit to the con- 
tained S. An unlimited desulphuri- 
zation is not advisable. 

Charts have been made with values 
thus obtained and the following conclu- 
sions have been reached. 

“In high quality gray cast iron the 
content of S must be maintained be- 
tween 0.095 per cent and 0.180 per 
cent in order to get on the one hand the 
required mechanical characteristics and, 
on the other, to avoid the presence of 
hard zones. . . . 7 pages in Spanish. 


Recommendation on the L-214 Alloy 
Casting and Treatment by Jose Aguilera 
Cullell. 

The experience obtained with 1082 
test bars has permitted to establishing 
several recommendations in order to 
avoid unusual conditions which have 
been possible to prevent in the later 
castings. . . . 8 pages in Spanish. 


Bainitic Cast Iron to the Cu-Mo-Cr by 
Mario Pujol Roig. 

Bainitic cast irons are studied here 
in terms of mechanical characteristics 
and micrographic components. 

The optimum mechanical characteris- 
tics have been obtained with a temper- 


ing at 400 C. When normalized the 
hardnesses obtained are high but the 
tensile strength drops. 

The micrographic components have 
been studied in all states and the tensile 
strength drop has been explained as a 
result of the treatment. . . . 12 pages 
in Spanish. 


Some Observations on the Variation of 
Modulus of Elasticity in Cast Iron by 
Max Russenberger. 

The stability of a cast iron-steel con- 
struction depends on rigidity. Rigidity 
depends on the modulus of elasticity of 
the material used. If the modulus of 
elasticity is constant, the repeated ap- 
plication of the same load will produce 
an always identical flexure. If, on the 
other hand, the modulus of elasticity is 
influenced by a stress previously under- 
gone, it may happen that the repeated 
application of an identical load will not 
give the same flexure. So the accuracy 
of a machine-tool which has been de- 
signed on the basis of a material with 
a non-reversing property is easily esti- 
mated. . . . 2 pages in Spanish. 


Specification of the Nodular Cast Iron 
by Thickness by Arturo Arasti Abaunza. 

We can summarize the obtained re- 
sults as follows: 

a) The inoculation of molten iron with 
mischmetal presents a saving of 40 to 
50 per cent of Fe Si Mg alloy. The 
result is a shorter cooling and you don’t 
need to use pig-irons of great purity. 


b) Greater percentages of alloy can 
be used at the same time the casting 
thickness increases because excessive 
quantity of alloy increases the quantity. 
of carbides. 

In order to obtain good mechanical 
characteristics, it is only necessary that 
the nodular percentage exceeds 40 per 
cent of the mass of graphite. The pearl- 
itic matrix becomes coarser in accord- 
ance with the increasing of the thick- 
ness. .. . 13 pages in Spanish. 


Contribution to the Study of the Factors 
That Improve the Elasticity Modulus of 
the Cast Iron by Alberto Sole Amat. 

In this paper the author emphasizes 
the importance of knowing the elastic 
modulus of a cast iron as it is a true 
criterion for estimating the quality of 
the material. Several tappings have 
been made to observe the influence of 
the cooling velocity, the composition, the 
addition of inoculatives and other possi- 
ble elements. In each tap and in each 
section the elastic modulus, the hardness, 
tensile strength, degree of eutectic sat- 
uration and chemical composition have 
been determined. 


Segregations of the Eutectoid “Alpha- 
Delta” in the Cu-Sn by Francisco Joan- 
xich Ayma. 

In this paper a few 
studied about the massive formation of 
the eutectoid “alpha-delta” in Cu-Sn 
alloys cast in sand molds. . . . 13 pages 


in Spanish. 
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BUEHLER POLISHING DESK 


...with matching storage cabinet... 


7. maximum efficiency in the production of 
specimens in the metallurgical laboratory the Buehler cabinet type polishing 
table with companion storage cabinets represents the latest modern develop- 


The convenience of this streamlined polishing equipment saves time and encourages 
the operator to produce the highest quality of polished sample. ; 3 
Item No. 1511 is a two-unit polishing table with Formica top approximately 60” long 
x 27” deep by 30” high to table top. Two 12” swing spouts, drain, 8” diameter wash bowl, 


plumbing and wiring. 


Recommended accessories to complete an efficient set up for maximum convenience 
are: No. 1512 storage cabinet with recessed light and No. 1513 supporting panel for 
installation above polishing desk. Or, No. 1514 floor model storage cabinet. Both these 
cabinets can be used together to advantage in most laboratories. : 

The Formica top and back on the table and cabinet is installed with a smooth 


Formica edge that eliminates all metal rims that may form pockets for water and 
dirt. Covers are held in place on the back by magnetic holders. The large 8” wash bowl 
is a new feature that enables the operator to use both hands in washing specimens. 

All metal construction finished in hammer tone grey makes a very attractive 
appearance. Prompt delivery can be made on these new items. 


The Buehler Line of Specimen Preparation Equipment includes . . . Cut-Off Machines 
Specimen Mount Presses © Power Grinders © Emery Paper Grinders © Hand Grinders © Belt 
Surfacers © Mechanical and Electro Polishers © Polishing Cloths © Polishing Abrasives 


uohler Ltd. METALLURGICAL APPARATUS 
© 2120 Greenwood Avenue, Evanston, lilinois 
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THEIR 
ARE AS CLOSE AS YOUR TELEPHONE! 


By contacting Foundry Design Co., you may Let us arrange for you to visit any of the 
bring into your plant immediately a foundry companies who have availed themselves of our 
engineering service developed by experienced service. 
personnel who can offer design ingenuity for 
special purposes adaptable to your operations. 


ICAN FOUNDRY & MFG. CO. St. Louis, Mo. 
ASE CO. Racine, Wisc. 
A Rockford, til. 
> Monongahela, Pa. 
Portland, Oregon 

OY CORP., Elyria, i 
Boston, Mass. 

Oakland, Calif. 


eo 


At all times the objective is to achieve maxi- 


mmo-}> 
ro 


cr.cmms 
> < << 


mum efficiency and coordination in melting— 
molding—coremaking—cleaning. With such co- 
ordination, foundry deficiencies are remedied NC., Troy, N. Y. 
, (Steel Foundry), New Brunswick, N. J. 
Yonkers, N. Y. 

East Orange, N. J. 

St. Louis, Mo. 

Torrington, Conn. 

Cedar Falls, towa 

1. 


and production increased. Complete foundry 


<44>0gr6°3I20 
=co' 4 
AnEv 


production layouts utilizing existing equipment 
or guiding alterations, expansion or selection of 


Cs ss 3 
Scoco 
Z22z 
oe 


new equipment are fundamental functions of 
our service. 


oil " 
Honolulu, Hawaii 


Affiliate: SORBO-MAT PROCESS ENGINEERS 





106 South Hanley Road + St. Louis 5, Missouri + Telephone: PArkview 6-5277 
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Changing Flake Graphite To Nodular 


Form In Solid State 


Translated from Liteinoe Proizvod- 
stvo, Sept. 1959 


@ In recent years papers have ap- 
peared hinting at the possibility of 
producing nodular cast iron by a 
treatment of cast irons in the solid 
state. 

Investigations of the change in the 
shape of the graphite during diffu- 


sion treatment of cast iron in the 
solid state with lithium have been 
carried out using the procedure de- 
veloped by F. N. Tavadze, E. S. 
Kartoziya and M. A. Essen (employed 
for the diffusion treatment of iron- 
carbon alloys with magnesium). Cast 
iron specimens and lithium were 
placed into closed steel containers 
with joints welded for maximum air 


tightness. The containers were placed 
into a furnace, heated to 2010 F, 
held for 15 hours and furnace cooled. 
“ Cast irons of different chemical 
composition were used in the inves- 
tigation. All cast irons were first an- 
nealed until a ferritic-flake graphite 
structure developed. A metallograph- 
ic examination of the cast irons after 
the diffusion treatment established 
the change in the shape of the grapb- 
ite to a nodular form as a result of 
the treatment, irrespective of its ini- 
tial shape. 

It was thus demonstrated that the 





shape of the graphite could be 
changed from flake to nodule by 
treating cast iron in the solid state 
with lithium. 

Silicon content has an effect on 
the change in the shape of the graph- 
ite but increased sulphur content does 
not prevent its change into spherules. 

The change in the shape of the 
graphite can evidently be linked with 
the diffusion of the lithium into the 
cast iron. The action is analogous to 
the results obtained from diffusion 
treatment of cast iron in the solid 
state with magnesium. 





EMPIRE 


“THAT GOOD’”’ 
FOUNDRY COKE 
DEBARDELEBEN COAL CORPORATION 


2201 First Ave., North Birmingham 3, Ala. 


Phone Alpine 1-9135 w@ Condensed from a translation by H. Brutch- 
*Reg. U.S. Pat. Of. er; circle No. 228, page 17, for a list of 
Brutcher Translations available for purchase. 
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“OLIVER” No. 12 Hand Planer and Jointer 
has tilting front table for planing draft 


*GEFSCORP 


Pressure Cast 


Front table tilts sideways up to 5 degrees, en- 
abling the pattern maker to obtain the draft on 
every straight piece of wood that passes through 
his hand. Available in 20”, 24” or 30” width 
planing capacity. Heavy bed, mounted on two 


. MATCHPLATES 


cabinet ¢ , Pp all vibration and 





HOLDS LIKE 
A VISE TO 
PREVENT 
MOLD 
SHIFT 
FROM 
CONVEYOR 
LINE 

JOLTS OR 
ROUGH 
HANDLING 


WHY NOT SAMPLE TEST THEM ? 


THE SCIENTIFIC CAST PRODUCTS CORP. 
1390 E. 40th, Cleveland 2520 W. Lak Chicago 
*Mf'd under license from General Foundry Services Corp. 
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allows maximum footroom for operator. Send for 
free folder giving technical details, 


OLIVER MACHINERY COMPANY 
GRAND RAPIDS 2, MICHIGAN 


“OLIVER” — famous for Precision Machinery 
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Gray Iron Foundry Milestones — No. 2 


REATED in China in 935 A.D., the cast iron Lion 
illustrated above still stands as a tribute to the 
craftsmanship of the pioneering Chinese foundryman. 
Iron was first cast in China about 700 B.C., and 
although the Chinese were not the first to produce 
the metal, they developed advanced founding tech- 
niques. Their box-bellows furnace, for example, was 
- the most efficient melting implement of the era. And 
their discovery that the introduction of carbon sig- 
nificantly reduced the melting point of the iron, was 
a milestone in the history of founding. 

Today, the progressive Gray Iron Industry con- 
tributes significantly to the nation’s industrial growth 
by creating essential products which range in size 
from the smallest gear to the largest steel mill roll. 

As a supplier of quality foundry coke and pig iron, 
Pittsburgh Coke & Chemical Company is proud to 
contribute to the continuing growth of the great 
Gray Iron Foundry Industry. 


CHINA'S 


ne oe i 


IRON LION we oe 


Reproductions of the “China’s Iron Lion,” suitable for 
framing, may be obtained without charge by writing to 
the Coke & Iron Division, Pittsburgh Coke & Chemical 
Company, Grant Building, Pittsburgh 19, Pennsylvania. 





Neville Pig Iron and Neville Coke for the Foundry Trade 


PIG IRON «e COKE e FERROMANGANESE « CEMENT *« COAL CHEMICALS + PROTECTIVE COATINGS « PLASTICIZERS ¢ ACTIVATED CARBON 
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‘Give me lower 
operating costs” 


the FE 


. 


‘Give me 
fewer rejects” 


Said the Superir 


‘‘Give me more 
uniform coke" 


Order Ko 


Premium quality foundry coke! That’s exactly what 
Koppers delivers car-after-car. Made from the highest 
quality West Virginia coals, scientifically blended 
and baked the right length of time, Koppers Premium 
Foundry Coke is absolutely uniform in size, strength, 
structure and chemical analysis. With its higher carbon 
content, Koppers Coke enables the foundryman to 
maintain a higher temperature range, thus increasing the 
the cleanliness of the iron. This in turn, helps reduce 
fuel consumption and means lower operating costs all 
around. Next time order Koppers Premium Foundry Coke. rm : 
: : re WE CHECK EACH DAY’S RUN to make 
Available anywhere in the U.S. or Canada in sizes to cattala you got feundsy cobs of the 


meet your needs. Koppers Company, Inc., Pittsburgh, Pa. exact size and chemistry that is most 
efficient for the job. Analyses are 


available to your foundry on request. 


Petes . —_———— —_ a adios ttn 
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Now ASARCO process reduces 
and controls shrinkage 


FEDERATED PT (pressure-tight) 


ALUMINUM CASTING ALLOYS 


Use PT-processed metal instead of any of the standard sand and 
permanent mold aluminum casting alloys. Result: no unpredictable 
shrinkage. No need for extra gates and risers. Higher yield per 
pound of metal. More uniform pressure-tight castings. A brighter 
cleaner surface. All the same physical and mechanical properties 
and characteristics. Write or call today for full information about 
PT grade aluminum, to Federated Metals Division, American Smelt- 
ing and Refining Company, 120 Broadway, New York 5, RE 2-9500; 
or call your nearest Federated sales office. 


Where to call for information: 


ALTON, ILLINOIS 
Alton: Howard 5-2511 
St. Louis: Jackson 4-4040 


BALTIMORE, MARYLAND 
Orleans 5-2400 


BIRMINGHAM, ALA, 
Fairfax 2-1802 


BOSTON 16, MASS, 
Liberty 2-0797 


CHICAGO, ILL. (WHITING) 
Chicago: Essex 5-5000 
Whiting: Whiting 826 


CINCINNATI, OHIO 
Cherry 1-1678 
CLEVELAND, OHIO 
Prospect 1-2175 
DALLAS, TEXAS 
Adams 5-5034 
DETROIT 2, MICHIGAN 
Trinity 1-5040 

EL PASO, TEXAS 
(Asarco Mercantile Co.) 
3-1852 

HOUSTON 29, TEXAS 
Orchard 4-7611 


LOS ANGELES 23, CALIF 
Angelus 8-4291 
MILWAUKEE 10, WIS. 
Hilltop 5-7430 
MINNEAPOLIS, MINN. 
Tuxedo 1-4109 

NEWARK, NEW JERSEY 
Newark: Mitchell 3-0500 
New York: Digby 4-9460 
PHILADELPHIA 3, PENNA 
Locust 7-5129 
PITTSBURGH 24, PENNA. 
Museum 2-2410 
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Comparative photograph illustrates the ef- 


fect of PT treatment. Casting on left from 


standard aluminum alloy, shows typical 


shrinkage over a large area. Compare with 


casting on right, cast in PT grade, under 


the same conditions! Alloy: F460 (319) 


FEDERATED METALS DIVISION 


PORTLAND 9, OREGON 
Capitol 7-1404 
ROCHESTER 4, NEW YORK 
Locust 5250 

ST. LOUIS, MISSOURI 
Jackson 4-4040 

SALT LAKE CITY 1, UTAH 
Empire 4-3601 

SAN FRANCISCO 24, CALIF 
Atwater 2-3340 


SEATTLE 4, WASHINGTON 
Main 3-7160 


WHITING, IND. (CHICAGO) 
Whiting: Whiting 826 
Chicago: Essex 5-5000 


IN CANADA: Federated 
Metals Canada, Ltd. 
Toronto, Ont., 1110 
Birchmount Rd., 
Scarborough, Phone: 
Plymouth 73246 


Montreal, P.Q., 1400 
Norman St., Lachine, 
Phone: Melrose 7-3591 








EASTERN 
C LAY PRODUCTS - 
nothing better 
at any price 





Eastern Clay Products pro- 
duce, and Hickman, Williams 
& Company sell and distri- 
bute these well-known 
brands:—Cupoline; Cup- 
oline 77; Dixie Bond; Re- 
vivo Bond; Plasti-Bond; 
Black Hills Bentonite; 
castings 
ad re 





Hickman, Williams & Company 


CHICAGO «+ DETROIT * CINCINNATI « ST. LOUIS * NEW YORK 
CLEVELAND «+ PHILADELPHIA + PITTSBURGH + INDIANAPOLIS * ATLANTA 
Established 1890 
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Have 
you read? 


Nondestructive Testing Handbook .. . 
The Society for Nondestructive Testing. 
Ronald Press Co., New York. 1959. 
Two volumes cover the principles and 
background of 24 various testing meth- 
ods, test applications, procedures and 
interpretation. These volumes will be 
practical handbooks for research and 
engineering groups, manufacturing and 
processing personnel, as well as those 
working in industrial maintenance fields. 


Air Pollution Control . . . W. L. Faith. 
259 pp. John Wiley & Sons, Inc., 440 
4th Ave., New York. 1959. This book 
tracks down the nature and source of 
the more common air pollutants and 
discusses appropriate means of control- 
ling emission at the source. The newer 
aspects of air pollution, particularly the 
automobile exhaust problem and_ the 
hazard of radioactivity, as well as the 
legal complexities of this controversial 
question are described. 


Exploring Patternmaking and Foundry 
. . « Harvey D. Miner and John G. 
Miller. 206 pp. D. Van Nostrand Co., 
257 Fourth Ave., New York. 1959. The 
text is written specifically for beginners 
in the patternmaking and foundry 
trades. Suited to use in trade or voca- 
tional schools. More than one hundred 
line drawings and photographs illustrate 
the equipment and techniques for mak- 
ing patterns and equipment. 


Accident Prevention Manual for Indus- 
trial Operations, 4th Edition . . . 1542 
pp. National Safety Council, 425 N. 
Michigan Ave., Chicago. 1959. A “sum- 
mation of 46 years of safety experi- 
ence,” the manual was compiled, edited 
and reviewed by safety specialists. It 
draws on the knowledge of safety men 
from nearly 7000 firms spanning every 
U. S. industry. The publication con- 
tains more than 500 illustrations and 
1542 pages of up-to-the-minute data on 
every aspect of industrial safety. 


A.S.T.E. Collected Papers, Book II, vol. 
59 . . . American Society of Tool 
Engineers, 10700 Puritan Ave., Detroit. 
1959. Book II contains all the techni- 
cal papers given at the Society’s semi- 
annual meeting in St. Louis in October. 
Included in the bound Library edition 
are articles on product engineering, 
fabricating processes, manufacturing 
planning and control, tooling design, 
metalworking principles, metal forming, 
engineering materials, quality control, 
manufacturing management and four 
papers of general interest. 
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heavyweight champion 


Extra Heavy Duty 


FOUNDRY FLASK 





For sheer brute strength and endurance...none today can 
match Sterling’s extra heavy duty flask construction. Product 
of an extensive laboratory and field research program, this 
outstanding development coordinates in one unit many of the 
important breakthroughs in metallurgy, welding and design. 


In every detail, advanced techniques, extra safety factors 

and high-performance engineering concepts are included in this 
design to assure unmatched endurance and long service. 

In accuracy, too, low-tolerance machining of flanges combined 
with accurately-matched pins and bushings help to 

produce castings capable of meeting today’s rigid specifications. 
Here’s proof again that, when profits are at stake, it always 
pays to depend on Sterling. 


AO-4538 
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for Sale, Help Wanted, Personals, Engineering Service, etc., set solid 
. . 35¢ per word, 30 words, ($9.00) minimum, prepaid. 

Positions Wanted . . 10c per word, 30 words ($3.00) minimum, prepaid. Box 
number, care of Modern Castings, counts as 10 additional words. 

Display Classified . . Based on per-column width, per inch . . 1-time, $22.00 
6-time, $20.00 per insertion; 12-time, $18.00 per insertion; prepaid. 





EMPLOYMENT 
OPPORTUNITIES 
PRESS FORGING ENGINEER ......$10,000 
PROCESS CASTING 
ENGINEER $10,000 
FOUNDRY SUPERINTENDENT....$13,000 
DIE SINKER 
PATTERNMAKERS 
Contact: TOM LEDBETTER 
WABASH EMPLOYMENT AGENCY 
202 S. State, Chicago 4, Illinois 
WAbash 2-5020 








SUPERINTENDENT & SALES MANAGER— 
Engr. grad. under 40, experienced in iron or 
steel melting, molding, sand, and some super- 
vision; able to become Plant Mgr. in few 
years. 

Grad. engr. 25-35, must know foundry proc- 
esses and casting design; desire experience 
in selling quality castings; able to become 
sales mgr. in few years. Box No. D-203 





LARGE GRAY IRON FOUNDRY 
IN NEW ENGLAND NEEDS 
FOUNDRY SALESMAN FOR 
NEW JERSEY AND PENNSYL- 
VANIA AREA. MUST HAVE 
SALES AND GRAY IRON FOUN- 
DRY EXPERIENCE. SALARY 
OPEN. Reply Box C-103, MOD- 
ERN CASTINGS, Golf and Wolf 
Roads, Des Plaines, Ill. 








FLOOR MOLDING FOREMAN 


$650—$750 
Excellent opportunity for advancement in 
a young growing organization, interested 
in a man with top management potential. 
Client assumes all expenses. Contact Bill 
Newell in confidence. 


MONARCH PERSONNEL 
28 E. Jackson Bivd., Chicago 4, Illinois 





GOOD FOUNDRYMEN 

when you need SUPERVISORY or 
TECHNICAL men why not consult a 
man with actual foundry experience 
plus 15 years in finding and placing 
FOUNDRY PERSONNEL. 

Or if you are a FOUNDRYMAN 
looking for a new position you will 


with employers 
throughout the country. 

For action contact: John Cope 
DRAKE PERSONNEL, INC. 
29 E. Madison St., Aieege 2, Mlinois 

Financial 6-87 








FOUNDRY SUPPLY HOUSE 
Covering Michigan, Minnesota, Illinois, Wis- 
consin, Missouri to represent old line manu- 
facturer of ferrous foundry riser compound. 
Write with complete particulars. Box D-205, 
MODERN CASTINGS, Golf & Wolf Roads, 
Des Plaines, Il. 





WANTED REPRESENTATION 


For South Central States—a producer 
of quality high-alloy steel castings. 
Must be able to produce up to 1500 
pound castings of various high-alloy 
steel. Can give complete coverage of 
this area. Reply to Box C-105, MOD- 
ERN CASTINGS, Golf and Wolf 
Roads, Des Plaines, Ill. 














FOUNDRY ENGINEER 


$9000—$11,000 
Young aggressive organization seeking man 
capable of making cost reduction surveys, 
establishing improved methods & proce- 
dures and making staff level decisions. 
Client assumes all expenses. Contact Bill 
Newell in confidence. 


MONARCH PERSONNEL 
28 E. Jackson Blvd., Chicago 4, Illinois 








RESEARCH METALLURGIST — Opportunity 
in research laboratory of leading steel castings 
producer. Applicant must have B.S. in Metal- 
lurgy or Metallurgical Engineering and some 
experience with steel. Work involves studies of 
melting, alloying and heat treatment of steel. 
To age 35. Salary commensurate with experi- 
ence and ability. Write John A. Rassenfoss, 
Manager, Manufacturing Research Laboratory, 
American Steel Foundries, 3761 Canal Street, 
East Chicago, Indiana. 





REPRESENTATION WANTED 

For internationally known foundry equipment. 
Exclusive key areas open for experienced 
men with sound foundry following. Please 
list present lines; all replies strictly con- 
fidential. Interview at Convention. Box D-101, 
MODERN CASTINGS, Golf & Wolf Roads, 
Des Plaines, Ill. 





SALESMAN 
With following among ferrous foundries to 
sell established national foundry product for 
Michigan, Minnesota, Illinois, Wisconsin ter- 
ritory. Write complete background, experience, 
Box D-201, MODERN CASTINGS, Golf & Wolf 
Roads, Des Plaines, Ill. 








GENERAL CLEANING ROOM FOREMAN 


Desire man 30-40 years of age with necessary drive and skill to organize de- 
partment. Must have knowledge of the various cleaning room processes including 
welding, heat treating, arcair and materials handling methods. Reply giving age, 
resume of experience, personal background and salary requirements. All replies 
held in confidence. Reply to: WORKS MANAGER 


MINNEAPOLIS ELECTRIC STEEL CASTINGS COMPANY 
3800 N. E. FIFTH STREET 
MINNEAPOLIS 21, MINNESOTA 
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PLANT ENGINEERS 
Experienced on layout of all types 
of foundry equipment, material 
handling and material flows. Send 
complete details on work history, 
education and family status. In- 
clude recent photograph. All re- 
plies confidential. Box F-140, 
MODERN CASTINGS, Golf and 
Wolf Roads, Des Plaines, Ill. 











JOBBING GRAY IRON SUPERVISOR, age 
44 with 25 years experience, fully versed on 
cupola, molding, coremaking, cleaning. Knows 
sand control, costs, estimating and has sales 
experience. Capable of taking full charge. 
Have references. Box D-1602, MODERN CAST- 
INGS, Golf & Wolf Roads, Des Plaines, Tl. 





GENERAL FOREMAN OR SUPERINTEND- 
ENT. Progressive foundryman, age 44, good 
health, 18 years foundry supervision, well 
versed, practical experience on all phases of 
non-ferrous metals, production, green sand 
and shell molding. Presently employed, wishes 
to make change. Willing to relocate. Box D-110, 
MODERN CASTINGS, Golf & Wolf Roads, 
Des Plaines, Ill. 





15 YEARS AS SUPERVISOR of standards, 
production planning, inventory control, cus- 
tomer contact. Familiar with jobbing and 
production foundry. Age 45. Presently pro- 
duction manager midwest gray iron foundry. 
Box D-200, MODERN CASTINGS, Golf & Wolf 
Roads, Des Plaines, Il. 





FOUNDRY CONSULTANT—NON-FERROUS 

Sand Casting — permanent mold casting — 

centrifugal casting — in aluminum — brasses 

— bronzes — 30% leaded bronze — aircraft 

quality bearings and castings — 

ED JENKINS, 286 PENOBSCOT BLDG. 
DETROIT, MICHIGAN — PHONE: 

WOODWARD — 5-7947 





FOUNDRYMAN—-with twenty-five years ex- 
perience wishes to represent foundries, foundry 
suppliers or allied products in Indiana and 
Ohio. Please write Bex C-1l11, MODERN 
CASTINGS, Golf and Wolf Reads, Des 
Plaines, Ill. 





METALLURGIST with 11 years experience in 
all phases of gray iron metallurgy wishes to 
relocate. Presently holding position as plant 
metallurgist with leading manufacturer. Con- 
sider sales or operations. Box B-105, MODERN 
CASTINGS, Golf and Wolf Roads, Des Plaines, 
Ill. 





CAST IRON METALLURGIST—with inter- 
national background, 10 years experience is 
available as technical consultant. One day per 
week. East only. Box D-202 MODERN CAST- 
INGS, Golf & Wolf Roads, Des Plaines, Ill. 





_ Wanted To Buy — 


BACK VOLUMES — Wanted to buy for cash 
of foundrymen, TRANSACTIONS American 
Foundrymen’s Society and other scientific tech- 
nical Journals. A. 8S. ASHLEY, 27 E. 21, N. Y. 
10, N. Y. 











FOUNDRY BUSINESS FOR SALE 

Owner wishes to retire from old established foundry and machine shop busi- 
ness in Southern Indiana. Gray Iron Foundry operating with Machine and 
Pattern shops making our own products, as well as taking over the production 
of two other foundries in the area. No jobbing work. Eleven acres of land 
and over 100,000 sq ft under roof, brick and steel buildings with cranes and 
equipment. Own fleet of trucks shipping nationally. Very low taxes and over- 
head. Sales in high six figures. Highly rated. Excellent profit record. Low 
labor costs and non-union. Owner wishes to retire gradually over two year 
period. Price $300,000. At least one-fourth cash. Sales price well below five 
times yearly earnings. Address: Jack Davis, Box 323, Princeton, Indiana. 











SPECIAL SERVICE . . 


experience in specialized fields .. . 





have been unable to resolve with your own organization personnel. A problem 
that could be quickly solved in a month... 
qualified man of experience. We have a man or men with many years of ex- 
perience in the exact aré&as with which you are concerned. Representative areas 
include plant layout, modernization, operation, selection and installation of 
equipment, technical processes, metallurgy, personnel development methods, 
etc. To help you, we assign individuals who have 40 or more years of actual 
invaluable know-how, yours to command 
for as long as you need it. Write or phone for detailed information. 


WESTOVER SPECIAL SERVICE ASSOCIATES 
3110 W. Fond du Lac Ave., Milwaukee 10, Wisconsin, Phone — Custer 3-212] 


You may have a problem which you 


a week ...aday... by a well- 








QUALITY EQUIPMENT 


SAVE AT LEAST 50% 


MELTING & HEAT TREAT UNITS 

BLAST CLEANING 

MOLDING MACHINES 

SAND CONDITIONING 

Your largest dealer 
for all foundry equip’t. 

UNIVERSAL Mach’y & Equip’t Co. 
Box 873, Reading, Pa. FRanklin 3-5103 





ALUMINUM & BRASS FOUNDRY 
6 Molder capacity 
Fireproof Building on Acre 
Near Milwaukee, Wis. 
Box D-100, MODERN CASTINGS, 
Golf & Wolf Roads, Des Plaines, Il. 











“Mr. PRESIDENT—We have developed a 
unique and effective supervisory Bonus in- 
centive plan for your industry that can be 
tailor-made to fit your own individual re- 
quirements. Our plan will not only strengthen 
your organization structure, but it will build 
morale, cut costs, and increase profits through 
its simple Management Control features and 
the sound, practical engineered basis upon 
which it is established. Why not take advan- 
tage of our services? All our clients can say 
is, “it works”. Your inquirys will be treated 
in strictest confidence. S. D. Sanders & Asso- 
ciates, 834 E. 239 St., Euclid 23, Ohio. 





NEW SERVICE 
MODERN CASTINGS announces a new 
service available to all members of the 
American Foundrymen’s Society. Any 
member seeking employment in the metal- 
castings business may place one classified 
ad of 40 words in the “Positions Wanted” 
column, FREE OF CHARGE. 
Inquiries will be kept confidential if re- 
quested. Ads may be repeated in following 
issues at regular classified rates. Send ads 
to MODERN CASTINGS, Classified Adver- 
tising Dept., Golf and Wolf Rds., 
Plaines, Ill. 

















Educate Engineers that Castings 


Can Solve Design Problems 


by H. A. WiiiiaMs 
Eaton Mfg. Co. 
Cleveland 


f The foundry industry has not had 
a sufficiently good approach to the 
problem of educating engineers to 
recognize where castings are superi- 
or solutions to design problems. 

One answer to the problem is to 
have full and free access to the engi- 
neering departments of your custom- 
ers, and your engineers and your 
customers’ engineers intimately famil- 
iar with each other's problems. 

Eaton engineers make frequent vis- 
its to their foundry sources and, in 
turn, the foundry engineering depart- 
ments have regular contacts with Ea- 
ton’s engineering and operating man- 
agements. 

Eaton operates 14 divisions and 


four subsidiaries in this country and 
Canada and has several foreign affili- 
ates. The company is a leading man- 
ufacturer of parts and components 
for the automotive, aircraft and indus- 
trial fields. Its largest division buys 
around 30,000 tons of castings an- 
nually. 

Only through free exchange of in- 
formation between engineering de- 
partments will a good purchasing de- 
partment be in position to insure low 
cost initial design. 

We have even gone so far as to 
furnish foundry sources with a num- 
ber of finished products and given 
them carte blanche to redesign them 
into castings that would result in 
lower cost to the company and a bet- 
ter product to customers. 

Our purchasing department expects 
of its foundry sources the following 
fundamentals: 


® Active and efficient quality con- 
trol. 

@ A thorough knowledge of our 
machining practices. 

@ Patterns designed to provide 
parting lines so that they do not 
conflict with our machining prac- 
tices. 

@ A thorough understanding of 
our gaging practices, using in 
their operations identical or simi- 
lar gages to ours. 

® An alert, preventive maintenance 
program to adequately protect 
our investment in patterns and 
to prevent our being burdened 
with undue repair or replace- 
ment costs. 

® A scheduling program consistent 
with our needs—sufficiently flexi- 
ble to meet the production peaks 
and valleys that, through expe- 
rience, we know are inherent to 
our industry. 


This article contains highlights abstracted from 
a paper presented at the 1959 Missouri Valley 
Regional Foundry Conference. 
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More than one road may be 
open, in the search for better 
utilization of facilities and real- 
istic cost control. For example, 
there are improvement of 
methods, reorganization of 
plant or department layout, 
simplification of paper work... 
te name only a few. WESTOVER 
experience can ‘point out the 
best way for your company to 
travel . . . and help you over 
the rough spots. 


WESTOVER 
SERVICES 


Plant Layout & Rearrangement © Opera- 
tion Analysis © Methods Analysis ¢ 
Supervision Effectiveness © Payroll 
Analysis © Occupational Evaluation © 
Job Evaluation © Labor Relations Prob- 
lems @ Formulation of Personnel Policy 
© Timestudy © Standard Data Stand- 
ards © incentive Wage Payment Plans 
® Cost Controls (Direct Labor, In- 
direct, Maintenance) © Production Con- 
trol & Scheduling © Simplification of 
Clerical Work © Accounting — Cost © 
Product Cost Estimating © Variance Re- 
ports © Technical Problems. 


SPECIAL SERVICE 
ASSOCIATES 


This is a special WESTOVER DIVISION, 
that enables you to put some of the 
best brains in industry to work in your 
plant . . . for as long or as short a 
time as their special know-how and ex- 
perience are needed to handle specific 
assignments requiring authoritative 
background and ability. 
e 

WESTOVER has given over a quarter- 
century of practical service to industry 
in the U. S. A., Canada and Mexico. 
This extensive experience, combined 
with a fresh viewpoint, can help you 
achieve more effective plant utilization. 
Write or call today, for information on 
either WESTOVER SERVICES, or 
SPECIAL SERVICE ASSOCIATES. 


CORPORATION 
Phone CUster 3-2121 
3110 W. FOND DU LAC AVE 
MILWAUKEE 10, WIS 
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dietrich’s corner 
by h. f. dietrich 


The Practical Joker 


@ We know that for safety’s sake 
horseplay cannot be tolerated in the 
foundry. However, try as we will we 
cannot eliminate entirely the so 
called practical joke. Although the or- 
iginal joke could be embarrassing, 
or even slightly painful, it is the 
secondary reaction that is fraught 
with danger. 

The pranks played in the foundry 
are as old as the industry itself. Any 
molder who has filled a flask from a 
sand heap knows the nerve shocking 
sensation of driving his shovel into 
a buried mold-weight or pig. Seldom 
is the weight buried at the end of 
the shovel stroke where it will only 
slightly effect the molder’s arm. 

The shock of a shovel hitting metal 
can be heard for a distance of six 
floors on either side of the victim. 
This allows the audience to howl with 
glee while the victim’s hand and arm 
go numb and his shoulder feels as 
if it had been pulled from its socket. 
If the victim will utter a stream of 
profanity while he grasps his broken 
hand, the thrill of enjoyment will be 
even greater for the jokester’s public. 

The greased handle gimmick is as 
old as grease and handles. Only once 
have I seen this script develop into 
an unusual ending. 

A gangwayman on our shift had 
been the butt of this trite joke so 
often that he had lost all appreciation 
of the humor in it. He felt it was time 
he called someone’s attention to the 
inhuman treatment he had been re- 
ceiving. 

Setting his wheelbarrow in the 
gangway where he knew the inevi- 
table would happen, he retired to the 
restroom. Upon his return he stood 
beside the baited vehicle until the 
Superintendent wandered up the 
gangway. When the Super drew 
alongside, the sand buggy jockey sug- 
gested that the Super test the weight 
and balance of the prehistoric device. 

In the hiarchy of this foundry the 
Super was protected from the humor 
of the pranksters. No practical joker 


who had developed a habit of eating 
would satisfy his sense of humor by 
making the Super play straightman. 
Without giving it a second thought, 
the Super stooped and grasped the 
handles. Gobs of grease oozed be- 
tween the fingers of both hands. 

The Super had perfect control of 
a violent temper. Rising slowly, he 
stood gazing at the gangwayman 
while a crimson wave of color rose 
from his throat to the roots of his 
closely cropped light blonde hair. His 
lips turned an ashen white and his 
chin began to quiver while he took 
the handful of waste preoffered by 
the mute former gangwayman. Slow- 
ly, he removed the greater part of 
the grease from his hands. 

Softly and through clenched teeth 
he said, “You will get your check in 
the office.” 

Another gag that’s good for an il- 
literate laugh or two—and a ruptured 
vertebra disc—is to fill a large coke 
wheelbarrow with pig covered and 
hidden by coke. More than one back 
has been permanently bent by this 
hilarious prank. A rod wired to the 
wheel in such a manner that the 
wheel will make almost a complete 
turn before coming to an abrupt 
stop will result in a lot of fun for 
some people—and a broken rib or two. 

I suggested in the beginning of this 
article that the secondary reaction is 
often more dangerous than the prank. 

The court jester usually selects his 
victim with great care. It is the person 
least able to defend himself who 
becomes the butt of his cowardly 
humor. He doesn’t appreciate the 
humor of a joke that misfires. He will 
do his best to make up the loss and 
regain his public. Being stupid or ig- 
norant of the danger involved, he 
will use fire, water, air or electricity 
to maim his uncooperative victim. 
Anything for a laugh. 

Try as we will we can never en- 
tirely eliminate the energetic may- 
hem and infantile brutality of that life 
of the party, The Practical Joker. 





product report... 


Labor costs on cleaning opera- 
tions have been cut one-third at 
the Canadian Westinghouse Corp. 
plant at Hamilton, Ont., Canada, 
through use of automation and a 
27-cu ft Pangborn blast cleaning 
barrel. 

The 27-cu ft unit replaces two 
18-cu ft capacity batch type clean- 
ing barrels, each of which required 
a full time operator plus a third 
operator to run one of the barrels 
on the second shift. Now second 
shift cleaning has been eliminated 
and two of the three men formerly 
on cleaning are now freed for oth- 
er foundry work. 

Full automation has not been 
realized but installation of addi- 
tional conveying equipment will 
mechanize the entire cleaning op- 
eration with additional savings. 


Results to date include reduc- 
tion of manhours from 24 to eight, 
cutting of cleaning time per load 
from 20 min to eight, elimination 
of crane handling time, speeding 
up of shakeout operations with the 
substitution of an oscillating con- 
veyor and a saving of $11,000 year- 
ly on maintenance costs. 

The new barrel is completely 
lined with wear-resistant plates 
which have logged more than 1200 
hours of blast time with no signs 
of wear. Formerly, steel wear plates 
lasted a maximum of 200 hr. 

Foundry production is 800,000 
lb of castings per month with 70 
per cent going through the new 
barrel in loads of 2000-3000 Ib, 
ranging in size up to air brake 
reservoirs two ft square. 

For More Information, Circle No. 41, Page 17 


Famous CORNELL cupoua riux 


for Gray Iron and Malleable Iron Foundries 
is 














don’t 
accept 
substitutes 














Experienced Foundrymen recommend it. 


If you melt aluminum, copper or brass, try TIME TESTED 


Famous Cornell Aluminum, Copper or Brass Flux. 


Write for Bulletin 46-A. 








Tee CLEVELAND FLUX Goenfauy 


1026-40 MAIN AVENUE, N.W. ¢ CLEVELAND 13, OHIO 
Manvfacturers of Iron, Semi-Steel, Malleable, Brass, 
Bronze, Aluminum and Ladle Fluxes—Since 1918 
Circle No. 183, Page 17 
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foundry survival 


@ I read with very much interest and 
complete agreement the article entitled 
“Your Foundry Cannot Survive Unless” 
which was published in the December 
issue of MopEeRN CastTINcs. 

All forward-thinking foundrymen real- 
ize that we must continue to upgrade 
our products if we are to hold and 
expand our position as one of the basic 
suppliers of parts for tomorrow’s ma- 
chinery and equipment. 

This can be accomplished only by 
better trained and better qualified per- 
sonnel—administrators, technicians and 
operators—in the foundry industry. 

This ambition for immediate, as well 
as future, improvement in the leadership 
of our industry is apparent in all sized 
shops. Ranging from cooperative student 
employment, scholarships, enrollment in 
extension courses and American Found- 
rymen’s Society technical courses to well 
organized in-shop training schedules, 
each company is attempting to find its 
individual answer. 

One can’t fail to be impressed by the 
sincere efforts being made. Whether 
these efforts, however sincere, are ade- 
quate and broad enough to attain the 
desired results and achieve our long 
range goals, only time can determine. 

I don’t think anyone is completely 
satisfied with his own program or prog- 
ress. The remarks of Messrs. Simpson, 
Culling and Woehlke are calculated to 
stimulate a review of objectives with 
overall improvement in mind. Their 
ideas are constructive, timely and sound 
and they deserve our thanks for out- 
lining so well the major problem of our 
industry. 

R. S. Bradshaw, Jr., 

President and General Manager 
Texas Foundries, Inc. 

Lufkin, Texas 


@ Mopern Castincs is to be congratu- 
lated on the article in the December 
issue entitled, “Your Foundry Cannot 
Survive Unless.” 

Most of the papers in your excellent 
publication necessarily pertain to tech- 
nical areas and unfortunately manage- 
ment’s efforts are proportionately in the 
same direction. 

Foundrys must develop operating su- 
pervision, technical personnel and ad- 
ministrative management. But are these 
areas receiving the proper attention? An 
article of this nature prompts one to 
re-evaluate the situation. 

Present-day customer demands clear- 
ly indicate the need for foundrys to 
create or to expand existing facilities 
and personnel in the areas of metallurgy, 
quality control, cost reduction, research 
and development, etc . . . not only to 
better control and improve their own 
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techniques but also to assist the cus- 
tomer in casting problems which devel- 
op in their constant effort toward prod- 
uct improvement. 

Success for all concerned hinges on 
co-ordination of the technical phase and 
the art phase. Only long experience in 
the production of quality castings can 
bring this about. 

Joseph B. Essex, 
Golden Foundry Co. 
Columbus, Ind. 


Vice-Pres. Mfg. 


international classification 


@ The article by Dr. Adalbert Wittmo- 
ser entitled “International Classification 
of Ferrous Cast Metals” published in the 
December issue of MoperNn CAstTINGs, 
is very interesting. I agree with him 
that there has been some misunderstand- 
ing in the past in the evaluation of 
many cast ferrous materials. His article 
has gone a long way in clearing up 
some of the misinterpretations prevalent 
in the minds of designers and manu- 
facturers. 

I am sure that not everybody will 
agree one hundred per cent on the clas- 


sification as discussed by Dr. Wittmoser, 
but his basic classification meets my ap- 
proval. 
Carl F. Joseph, Technical Director 
Central Foundry Div., GMC 
Saginaw, Mich. 


@ Dr. Wittmoser’s proposed system for 
International Classification of Ferrous 
Cast Metals is quite interesting, indeed. 
I had an opportunity to discuss part 
of this plan with representatives of the 
cast metals industry in Germany when 
I was over there last August. You should 
be commended for bringing such a 
thought-provoking discussion to the at- 
tention of your readers. 

Unfortunately, one error crept into 
the translation: There is no such thing 
as malleable cast iron. Our industry 
is still suffering severely because its 
product is being lumped in with cast 
iron. The German term “Temperguss” 
should be translated “malleable iron” not 
“malleable cast iron.” I am sorry that 
this happened. 

Hans J. Heine, Technical Director 
Malleable Founders Society 
Cleveland 





ANSBERG 


Have revolutionized core making in the foundries of the world. Hansberg Shooters 
represent the most original and most successful development in core making machines 
of the last ten years. 


BENCH SHOOTERS ROEPER CORE SHOOTERS CO2 HARDENERS 


Bench Shooter Model H-1A Model H-2/4M Combination Shooter ROLL-OVER 
Sand Capacity, 2 Ibs. Sand Capacity, 5 Ibs. Sand Capacity, 81 Ibs. and CO: Hardner STRIPPER 


ROEPER 
CO-2 Molding Equipment 
Automatic Cycle 

Model H-12R 

FULLY AUTOMATIC H-12M Powerful — max. 42 ib. molds 
SHOOTER Simplified — Reasonable Model H-25R 

Model H-5A max. 88 Ib. molds 

with Vibratory Feeder 


with HANSBERG SHOOTERS ... 
YOU SAVE 


ROEPER CO-2 CORE SHOOTER — on maintenance — on compressed air 
Three Station Turntable — on initial cost — on set-up time — on core box wear 
psec my pe iz + gp HANSBERG OFFERS MORE models and sizes than any other 
core machine manufacturer. 
SEND for “FACTS about HANS- 


BERG SHOOTERS.” The differ- COMPARE QUALITY, PERFORMANCE, PRICES! 


shooting, Yy 
SHOOTER is a “MUST” for the 
CO2-Process, etc. 


HANSBERG SHOOTERS 


offer the largest selection of 
CoreMaking machines, CO-2- 
INC. 


Gassers and combination of 
Shooters and CO-2-Hardeni 
machines. Choose from 22 ® 
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SHELL MOLDED EFFICIENTLY WITH 


ROL FUUNDREZ RESIN! 


Ford is mass-producing Falcon crankshafts by the shell 
mold process — a method as modern as the compact car 
itself. 


And an RCI phenol-formaldehyde FouNDREz resin is 
used extensively to produce the shell molds for this 
important Falcon casting. 


This combination of process and resin provides an 
economy born of efficiency. Here’s why! 


The shell mold process offers specific advantages: 

e pattern dimensions can be reproduced more exactly 
e castings have closer tolerance, require less machining 
e shell molds are portable and use less sand 


ie —_ 
P , F 
Creative Chemistry ... i 


Your Partner in Progress 


REICHHOL 


FOUNDREZ — Synthetic Resin Binders 
COROVIT — Self-Curing Binders 


e in fact, foundry efficiency, flexibility and production 
rate are increased 

And RCI Founprez resins are ideal for shell mold appli- 

cations because: 


e RCI isa basic producer of both phenol and formalde- 
hyde, which guarantees quality control from raw 
material to finished product. 


RCTs experience, gained during 35 years of diversi- 
fied synthetic resin manufacture, assures expert tech- 
nical service. 
The advantages of shell molding may apply on one of 
your foundry jobs. Write to RCI Foundry Division for 
detailed information on FOUNDREZ resins. 


FOUNDRY 
PRODUCTS 


coRCiment — Core Oils 
CO-RELEES — Sand Conditioning Agent 
REICOTE — sand Coating Agent 


REICHHOLD CHEMICALS, INC., RCI BUILDING, WHITE PLAINS, N.Y. 
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